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consideration, they are not yet in a position to recommend any one 
construction for general adoption. 

2. The Committee referred in their former Report, No. 800^ to the 
records of previous inquiries into this subject, shewing that many varieties of 
mantlet have been under consideration, none of which were found at tlie time 
to meet the requirements of the service ; and numerous experiments have 
been made at Woolwich and Chatham, but more particularly at the latter place^ 
to test the resistance of different constructions. The early inquiries^ 
however, are now of little value; for the whole question has assumed a 
different aspect since the universal introduction of rifled small arms, whose 
penetration^ as compared with that of the smooth-bored weapon in use 
previous to 1851;, is as 10*6 to 7‘5 at 30 yards; and at greater distances is 
in a much higher proportion. And this great penetrative power is not the 
only difficulty : it is perfectly possible to make a mantlet not inconvenient 
for use, wliich can keep out rifle musket bullets at 25 yards ; unfortunately 
[voL. III.] , 1 
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sEch mantlets not only give no security against cannon shot, but they also, 
as will be shewn below, add in some cases considerably to its destructive 
effects ; and until a material can be found which shall combine with manage- 
ability the property of stopping amall-arin projectiles without breaking up 
itself or breaking the projectile into splinters, when struck by a cannon sliot, 
the Committee believe that the use of mantlets for embrasures must be 
confined to exceptional situations. 

S. Hope Maotlets. — These contrivances w^ere brought into notice by 
their employment in the defence of Sebastopol, 1855. The specimens then 
tried weighed from 4 cwt. to 6 cwt., or from 17 lbs. to 27'5 lbs. per square 
foot. The Committee reported on 27th September, 1857, No. 1200, as the 
result of their experiments, that it required five thicknesses of 4'5-inch rope 
to resist a bullet at 50 yards : such a mantlet would be 7*5 inches thick, and 
w^eighs 27*5 lbs. to the square foot. This report was printed, with the 
sanction of the Secretary of State, in the Occasional Papers of the Royal 
Artillery Institution, Yol. II, p. 3, with a detail of the experiments ; and 
wsis also circulated extensively in print for the information of naval officers 
and others concerned. 

The Committee have not thought it necessary to enter any further into the 
question. The value and efficiency of rop’e mantlets is undeniable : their 
cumbrousness is the only obstacle to their more frequent use. The Committee 
have learned from a memo, of the Deputy Inspector General of Fortifications, 
dated 13th October, 1859, that a demand has been made by the Royal 
Artillery at Malta for rope mantlets to be kept in store, and for the means of 
suspension to be applied to the parapets ; and they concur in opinion with 
that officer that a pattern should be established, but one shewing the quality 
and mode of manufacture rather than the form, which may vary, 

4. Ieo:x-plate Mantlets. — Experiments at Chatham in 1858 established 
the fact that homogeneous iron 0*25-inch thick will resist rifle bullets at less 
than 50 yds. distance ; and since the receipt of Lord Herberts instructioTis, 
dated 26th August 1859, the attention of the Committee has been cliiefly 
directed to this material, with a view to discovering the minimum thickness 
necessary, and the best quality. In the first instance experiments were made 
with rolled iron plates furnished by Messrs Thorneycroft of Wolverhampton, 
4 ft. by 2 ft. in dimensions, 0'25 in. thick, w^eight 101b. 14 oz. per square 
foot. One of these resisted rifle bullets fired at 10 yds., but others were 
penetrated at 50 yds, ; see Report No. 800, Four plates of the same thick- 
ness, but of less dimensions, viz. 2 ft. by 2 ft., fitted with handles for 
convenience of lifting them, and provided with screw or rivet holes, by 
which any number could be combined, were next tried : see the Report above 
quoted. No. 800, 12-5-60. The quality of these plates were not found to 
be uniform; some parts resisted the buffets at 10yds.; others did not resist. 
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Tilth the intention that each plate should be a unit capable of combination 
with others. These plates, in accordance with the Committeehs recommenda- 
tion, were tried at Ciiathara in August, 1860. They were found proof 
against bullets fired by the Lancaster carbines of the Royal Engineers at 50 
yds., and subsequently against Enfield rifle bullets at the same distance; 
but on suspending them in front of an embrasure many pieces of the bullets, 
some large, but the gfreater part small, found their way between them, and 
between the |)lates and the parapet, glancing off the plates as they swung 
from tlie blow. These splinters were sufficient, in tlie opinion of the officer 
who conducted the experiment. Major Lovell, R.E., to have made the 
part of the battery immediately adjoining quite untenable. On inspection 
of a canvas screen set up at 5 ft. to the left, to catch the splinters, it 
appeared that scarcely any of them diverged more than 2 ft. at that 
distance; consequently, men standing round the gun at a greater dis- 
tance from tlie parapet would have been safe, and if there were a traverse 
adjoining, the next gun detachment would also be safe. The result rather 
points to the necessity of a mode of suspension which will not permit the 
splinters to penetrate, or the necessity of a lateral projection to catch them, 
than to a rejection of iron plates on this account 

Another mantlet of the same material, furnished by Captain W* L, 
Yorige, R.A., D. -A. -A. -Gen., was tried at Woolwich in July, 1860. It 
was 4 ft. by 2 ft., and J in. thick ; weight 100 lbs. 6 oz , or 12| lbs. per 
square foot. It was perfectly bullet-proof at 10 yds. ; but on repeating the 
experiment with a plate of ^yhinch, weighing “Tllbs. 12 oz., or 9 lbs. per 
square foot, it was penetrated at 25 yds., shewing that nothing less than 
i in. homogeneous iron will give the complete protection desired. 

6. PnicEfo Case-haiidexed Weotjght Iron. — Mr G. Price of Wol- 
verhampton called the attention of the Committee in May 1860 to the effect 
of case-hardening on iron, and forwarded a plate | in. thick as a sample. 
His object, however, w^as rather to form the armour plates of ships of this 
material than mantlets. On trial tin's | in. plate proved perfectly bullet- 
proof, and was scarcely indented at 10 yds., but various fine cracks gave 
reasou^ to suppose that if reduced to the same weight and thickness as the 
other irons employed it would have had less resistance; and this view being 
sustained by mechanical tests in the Royal Gun Pactories the material was 
not recommended. 

Millaeb^s MA^fTLETS. See Article 14. 

7. Captain W. L. Tonge, R.A., D.-A.-A.-Gen., for’warded in December, 
1859, five plates of tempered steel made by Bessemeris process, each 2 ft. 
by 4 ft., and of various thicknesses, from 0-0625, or Tf^g-thinch, to OTO, or 
^gthinch, and weighing from 3*5 lbs. to 4*5 lbs. per square foot. He 
forwarded at the same time an equal number of plates of annealed steel 
by the same makers, varying in thickness from 0*05 in. (-^^th) to 0-125 in, 
(ith) ; and in weight from 3*6 lbs. to 4*75 lbs. per square foot. His inten- 
tion was to combine these thin plates in pairs, with an interval between 
them, and they were tested with the following xesults — 
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Nos. 2; 3, taken singly, were each penetrated at 50 yds. 

Nos. 1 and 3, weigliiiig together 8*12 lbs. per square foot, were then 
placed together on the ground, upright, resting against the stand; four 
shots were tired at them, three of which passed through first and dinted 
second, and one hit an old shot mark and passed through both plates. 

Nos. 2 and 3, weighing together 7*19 lbs. per square foot, were then 
placied behind each other, leaving an interval of 1 in. at the top, gradually 
increasing to 2 in. at bottom; five shots were fired at them, three of which 
passed through first and dinted second ; one passed through both, and one 
lodged in first and cracked the second. 

Nos. 6, 7, and 8, weighing together 12’501bs. per square foot, were 
placed upright in a line against the stand on the ground; three shots 
were fired at them at 50 yds. distance ; all passed through. 

Nos. 6 and 7, weighing together 8*89 lbs. per square foot, w^ere then 
placed so as to overlap No. 8 ; four shots were fired at them ; all passed 
through the first and dinted second. 

The stand was moved up to 25 yds., when three more shots were fired ; 
two passed through first, indented and cracked the second considerably. 

The stand was moved up to 10 yds. ; five more shots were fired at them, 
when three passed through both, and two through first and dinted second 
plate. 

Nos. 9 and 10, weighing together 7*84 lbs. per square foot, were placed 
upright in a line against a stand on the ground; two shots were fired at them 
at 50 yds. ; both passed through. 

No. 9, weighing 4*44 lbs. per square foot, was placed in front of No. 10, 
touching at top, but gradually separating downwards ; five shots w^ere fired at 
them, three of which passed through first and dinted second, and two passed 
through first and lodged in second. 

No. 10, weighing 3*41 lbs. per square foot, was then placed in front of 
No. 9, reversing the -order ; five shots were fired at them ; four of which 
passed through fiu’st and lodged in second, and one passed through first and 
dinted second. 

Nos. ] 0 and 4, weighing together 7‘62lbs. per square foot, were then 
placed behind each other, leaving an interval of about lin. No. 10 in 
front, five shots were fired, 'Ikfe; themi, all passed throngh first; two lodged 
in second ; two ^dinted flif etacked second. ■ ^ ' 




Tempered. Steel. 

imnealed Steel. 

No. 

Nominal 

tliielmess. 

Weight. 

. No, 

Nominal 

thiclmess. 

Weight. 


inch. 

Ihs. oz. 


inch. 

: lbs. : oz. 

1 

tV 

36 8 

6 

i 

38 0 

2 

tV 

29 0 

7 

iV 

33 0 

3 

iV 

28 8 

8 

/(T 

29 0 

4 

tV 

32 14 

9 


'35: 8 - 

6 

i 

39 12 

10 

tV 

27 4 
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Nos* 4 and 5^ weighing together 9*08 lbs. per square foot^ were placed 
upright^ in a line^ leaning against a stand on the ground ; two shots were 
fired at them ; both passed through them. 

No. Dy W'eighing 4*97 lbs. per square foot, w^as placed behind No. 4, 
leaving an interval of about an inch; five shots were fired at them, four of 
which passed through first and slightly dinted second, and one passed through 
first and broke second at the top of plate. 

No. 4, wmgliing 4*11 lbs. per square foot, was then i>laced in front of 
No. 5 ; five shots were fired at them, four of which passed tlirough first and 
lodged in second. 

No. 5, W'eighing 4*97 lbs. per square foot, was then placed in front of 
No. 4, 4| ft. apart, both mantlets leaning against a stand ; five shots W'ere 
fired at them ; all passed through first and slightly dinted second. 

No. 9, weighing 4*44 lbs, per square foot, w^as then placed in front of 
No. 10, 4ift. apart, leaning against a stand; two shots w'ere fired at them ; 
both passed through first and dinted second. 

No. 10, weighing 3*41 lbs. per square foot, was placed in front of No. 9, 
4| ft. apart, leaning against a stand ; one shot was fired at them, which passed 
tlirougli first and lodged in second. 

No. 9 wns taken away, and two more shots were fired at No. 10, one of 
W'hieh passed through it, and hit the target very hard ; the other passed 
through the plate and penetrated the leg of wooden stand. 

8. The result shewed a decided superiority of the annealed steel over the 
tempered steel, and gave encouragement to the principle of construction 
adopted. 

Captain Yoiige then submitted a mantlet composed of two |.tliinch plates 
of homogeneous iron secured by bolts and nuts, with a space of in. 
between them. The weight wns 13 lbs. per square foot. It was fired at 
July 6th, and proved perfectly bullet-proof at 10 yds. The bullets passed 
through the first plate and slightly indented the second, but did not in any 
case fracture or penetrate it. 

The experiment w^as repeated July 13th, with interval of the plates 
reduced to J in., with the same results as to non-penetration of the second 
plate, but it was much more deeply indented by the bullets which penetrated 
the first plate. 

The experiment was repeated in October, with a mantlet weighing 10| lbs, 
per square foot, and composed of thinner plates, viz. one of -f-^th inch, the 
other rather more than -Ithinch (about 0*14 in,), they were restored to the 
original interval of 1 J inch, and proved perfectly shot-proof at 10 yds. 

9. The foregoing trials having sufficiently established the resisting 
powers of the several materials referred to, the Committee took steps to 
ascertain their behaviour wffien struck by cannon shot. 

With this view the i in. homogeneous iron mantlet of 4 ft. by ft., 
submitted by Captain Y^onge, No. 23 of the accompanying list, another 
mantlet. No. 2, of Thorneycroft^s steel iron, and one of Captain Youge^'s 
double mantlets. No. 26 in the general list, were fired at with segment 
shells from an Armstrong 12-pr,, at 400 yda., and solid shot from a smooth- 
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bore Sa-pr. at the same distance ; each mantlet was struck twice with either 
projectiles^ targets being placed 5 yds. in rear to catch the splinters. 


Description 

of 

Mantlet. 

Effect of two 12-pr. segment Shells or 
solid Shot at 400 yds. 

Effect of two 
solid 33 -pr. Shot 
at 4Di)yds. 

Homogeneous iron 
mantlet, 4 ft. x 2-.^- ft., 
ami :^m. thick; weight 
iUtj 11)3., or 10 lbs. per 
square foot. 

1 

The two shells passed through, making a circular 
hole burred outwards, but carrying away very little 
of the plate. The shells themselves, however, were 
broken up, and 43 splinters struck the targets, nearly 
all within a circle of 4 ft. diameter. One Armstrong 
12-in\ solid shot subsequently passed through the 
same mantlet, and a second cut the edge. They did 
not occasion any splinters. 

Mantlets much 
torn, large irre- 
gular shot holes 
formed, and eleven 
splinters carried 
into the targets. 


Description 

of 

Mantlet. 

Effect of two 12-pi’. 
segment Shells or solid Shot 
at 400 yds. 

Effect of two solid 32-pr. Shot 
at 400 yds. 

"Steel iron” mantlet, 

4 ft. X 2 ft., ^-ineh thick, 
supplied by Thorney croft ; 
weight 84lbs., or 10-^ lbs. 
per square foot. 

Captain Yonge^s double 
mantlet plates, | and xV 
inch homogeneous iron, 
1^-inch apart ; weight 
86 lbs., or 8*6 lbs. to the 
square foot. 

Segment shells not tried, it 
being proved by the previous 
experiment that they break 
up. Armstrong 12-pr. solid 
shot passed through without 
causing any splinters. 

Segment shells not tried. 

' 12-pr. Armstrong shot passed 
through without causing any 
' splinters. 

Large shot holes; twenty-seven 
splinters carried into the targets, 
leaving less torn iron round the 
edges than in. the previous experi- 
ments. 

The mantlet vras thrice struck, one 
sb.ot being a slight graze ; both the 
! others also broke the edge. There 
were seven splinters in tke targets. 
The mantlet had been previously 
fired at with a 9-pr. at 20 yds., which 
formed a large hole. 


10. The Committee are of opinion, from the foregoing results, that thin 
iron mantlets of the qualities tried are not adapted for closing the embrasures 
of guns liable to be attacked directly or replied to by artillery. They may 
perhaps be advantageously applied to embrasures in elevated situations, or 
others where, from the nature of the ground in their front, guns are little 
likely to be brought against them ; and in such ease shutters of homogeneous 
iron I in. thick would appear, on the whole, preferable to the double-plate 
mantlet in simplicity and durability, the weight being nearly the same, about 
10 lbs. per square foot. Their size, form, and mode of suspension must vary 
with the form of the embrasure or opening; but in any case they should be 
so attached as not to permit that entry of splinters observed at Chatham. 

Should any tougher quality of iron be hereafter made, that will resist 
bullets but permit the passage of cannon shot and shells without splintering 
itself or_ breaking up the shells, the problem will have been completely solved. 
A careful system of proof will be necessary when any iron plates are 
employed, as they differ much in power of resistance. 

11. _ I'or siege works and other situations much under artillery fixe, the 
Committee incline to the belief that a non-resisting screen or curtain, which 
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simply hides the interior of the wort, is preferable to a mantlet, Ab early 
and interesting instance of the employment of this expedient will be found in 
the history of the defence of Gibraltar in 178S. 

12. Admiral Sir G. E. Sartorioiis has submitted to the Committee a 
number of mantlets on what he terms the Jalomie pimciiyle. They consist of 
plates of iron 8 ins. wide, and of any convenient length. The specimens 
produced have varied from 18 ins. to 80 ins. in length, and from-j^thto in. 
ill thickness. These plates are riveted to raw hide, or connected with iron 
hinges at intervals, but so as to overlap each other, and have been tried in rolled 
steel and homogeneous iron. One defect was common to the whole of them ; 
some of the bullets or splinters of bullets invariably passed through the 
joints, notwithstanding the overlap ; the iron hinges also gave w^'ay very soon, 
as did the narrow leather thongs or strips of hide, permitting the plates to 
separate; but this defect was not observed when they w'ere riveted to entire 
hides. 


The following is an abstract of the experiments 


Thickness 
of Plates. 

■ 

Material, 

Result. 

inch. 

tV 

Homos^eneous iron, riveted to cow- 

Plates pierced at 50 yds. 


hide ; 5 lbs. 9 oz. to square foot. 


Ditto ; 5 lbs. 9 oz. to square foot. 

Plates pierced at oOvds. 

\ 

Boiled steel, ditto; 6 lbs. 15 oz. to 

■Proof at oOvds.; one bullet 

square foot. 

penetrated at 25 yds. 


Homoj^eneous iron, hinged with iron 

The hinges gave way, but the 
mantlet was bullet proof at 10 

S 

straps; 6 lbs. to square foot. These 


plates were curved to the ogee form. 

1 yards. 

1 i 

Homogeneous iron, hinged with iron. 

I ‘ Not proof at 75 yards. The 

strap, carved as above; 71bs. lOoz. to 

hinges gave way after twenty 

„ i 

square foot. 

rounds. 

1 

Homogeneous iron, riveted to two 

Hot proof at 75 yds. 


strips of cowhide; weight 5 lbs. lOoz. to 
square foot; four plates ogee; 5 plain, 
i Rolled steel, riveted on cowhide; 

Bullet-proof at 10 yds. 

1 

' weight 12 lbs. 2 oz. per square foot. 


The Committee reported on 2nd .February 1861, Eeport No. 1412, that, 
in their opinion, the jalousie construction is unsuitable. There is a great 
liability, however tlie plates are attached, for tlie bullets to force themselves 
tlirougli at the junctions ; if they are attached to Jointed iron straps, these 
get broken after a few blows ; if to hide, its tendency to stretch in wet 
weather or continued damp gradually opens the joints ; and their rigidity at 
other times deprives the structure of any special advantage arising from the 
nominal flexibility of this species of construction. 

13. At the suggestion of the Inspector-General of Fortifications, a trial 
was given to a screen of l|-in. wire rope in twm thicknesses, disposed so as 
to cross each other at right angles ; each rope was composed of 6 strands, 
each of six galvanized iron ware of about 0*055 in. in diameter. It was very 
heavy, namely 25 lbs. to the square foot, and was penetrated readily at 50 
yds., several ropes being cut asunder. Samples of a strong wire network 
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; liave also been snbmittefl;, bat the Gammittee are of opinion that no fabric 

I of this kind will equal plates of the best iron in resistance^ while its splinters 

i will be much more dangerous, 

14u The Superintendent, Eoyal Carriage Department, submitted a mantlet 
proposed by Mr Millard of that department, wdiicli is properly referable to 
the class of plate mantlets. 

It wns composed of two large plates of homogeneous iron O'SO in. thick ; 
the upper one suspended on a fixed joint, so as only to yield enough to allow 
the muzzle, on recoil, to clear itself; the low^er one hung like a window-sasli 
with counterpoises, in such a manner as to rise freely, and close the opening 
^ left on the recoil of the gun. As it is perfectly established that 0‘30 in. iron 

will resist musket balls, the question to which the Committee have directed 
their attention has been the practical convenience of this arrangement, and 
they have to report, that there is no difficulty in working this mantlet, nor 
does it seem difficult to apply to it any masonry embrasure. Its use in any 
particular locality will depend upon the probability of its being exposed to 
artillery fire. Its advantages over shutters suspended in other ways, or 
other applications of thin iron plates, will turn chiefly on the construction 
and position of the embrasures, and appears to be rather a question for the 
Inspector-General of Tortifieations than for this Committee. 

15. Captain Beaumont, Eoyal Engineers, has proposed a mode of pro- 
tecting casemated embrasures in new wmrks by a strong shutter of inch 
iron, working like a sliding door in recesses left in the masonry. This thick- 
ness is proof against grape-shot as well as musketry. Having recently 
reported on this plan. Report No. 1456, 23rd Eebruary 1861, the Committee 
have only to remark that it is open to the general objections raised in the. 
foregoing part of 'this Report to iron as a material, when not capable of 
resisting cannon shot ; but in other respects appears a convenient arrangement, 
especially if constructed to be raised like a portcullis into a vertical groove 
or recess, which cannot easily be choked up. Its superiority over other 
arrangements in any particular case will turn chiefly on questions of con- 
struction and cost. 

An Abstract of the experiments is appended, 

J. St. GEORGE. 
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ABSTBACT SHEWIK.a THE MEAY miTIAL' .VELOCITIES OE VAEIOITS SEEVICE 
/; AJ^^H EXPEEIMEYTAL PEOJECTILES, DETEEMIHEI) BY CAPTAM AYBEEW 
: HOBLE, E.A.;HH^^ BIEEOTIOH OP THE OEBHAHCE SELECT COMMITTEE, 

' by' MEAHS OE L^^AVEZ’S ELECTEO-BALLISTIC APPAEATES. 


Hature 
of ordnance. 

cw aa 

O 

tdD 

Projectile 


•4:3 


1 , 

Hature. 

Weight 

Biam. 

Jo 

TO-in,' gun, 87c 

10 

ibs.oz. 
12 0 

hoi. shot 

Ibs.oz. 
88 6 

in. 

9*84 

ft. 

1270*4 


5 

8 0 

Martin’s 

117 0 

9*84 

930*1 

68-pr.» 95e ... 

12 

16 0 

shell 
r* shot 

66 4 

7*91 

1553*3 

9J 

7 

16 0 

nav. sh, 

51 8 

7*91 

1769-4 

' >9 '■ 

9 

16 0 

com. sh. 

49 14 

7*91 

1760*3 

W 

6 

10 0 

Martin’s 

60 0 

7*84 

1287*6 

8-in. gim, 65c 

6 

10 0 

sheU 
com. sh. 

46 0 

7*85 

1456*0 


6 

10 0 

hoi. sh. 
com. sh. 

49 14 

7*85 

1434*6 


5 

10 0 

Martin’s 

51 8 

7*92 

1475*8 

32-pr., 58c ... 

10 

10 0 

shell 
sol. shot 

31 6 

6*17 

1653*7 

93 

11 

8 0 

99 

31 6 

6*17 

1584*7 

11 

6 0 

99 

31 6 

6*17 

1418*8 

2-4-pr., 50c ... 

11 

8 0 


23 8 

6*60 

1679*5 

18-pr., 57c ... 

12 

6 0 

99 

17 11 

5*09 

1646*8 

12-pr., 18c ... 

10 

4 0 

99 

12 10^ 

4*52 

1718*6 

9-pr. hmss, 
mwothi 13|c... 

4 

0 14 

3*. shot 

9 5 

4*08 

at25yda 

1011*2 


a 

1 8 

Si 

9 6 

4*08 

1310*9 

9-pr., 13c ...... 

10 

2 8 

sol. shot 

9 6| 

4*10 

atSOyds 

1663*9 

fi-pr., 6c ■" ...... 

10 

1 8 

99 

6 3| 

3*57 

1436*3 

12-pr. hr., 6-|c 

10 

1 4 

com. sh. 

8 12 

4*65 

:1124*2 

24-pr. hr., 12c 

10 

2 8 

■ 99 

18 111 

6*595 

1218*0 

Wail piece ... 

8 

drs. 

8 

shot 

0 6i 

0*935 

1134*8 

Enfield rifle 

3 

i drs. 
2*3 

ser. ball 

grs. , 
530. 1 

0*650 

1188*7 

6-pr. A., 3-ic 

15 

IKs.oz. 
0 12 

seg, sh. 

' lbs. oz. 
6 0 

2*585 

937-5 

12-pr. A., 8|c 

10 

1 8 

99 

1 11 9 

! 3*084 

1180*9 

12-pr. A., 8|o 

21 

1 8 

■ ti 

10 14| 

■ 3*084 

1187*5 


11 

1 8 

.99 

11 13 

3*083 

llSl-5 : 

99 

5 

1 8 

99 

11 9 

3*083 

1195*4 ; 

. >9. ■ 

6 

1 8 

99 

11 5 

3*084 

1190*8 ; 

99 . 

7 

1 8 

99 

11 1 

3*083 

1205*6 


11 

1 8 

99 ^ 

11 13 

3*084 

1164*5 ; 

99 

11 

1 8 

99 

11 6 

3*084 

1192*9 : 

10 

1 8 

99 

10 13 

3*084 : 

1209-8 : 

99 

10 

1 4 

99 ", 

11 9 

3*084 ; 

1065*3 1 

99 

10 

1 6 

99 

11 9 

3*085 : 

1092*4 1 

99 

10 

1 8 

99 ", 

11 9 

3*084 ; 

1180*9 ] 

99 

10 

1 10 

99 ' 

11 9 

3*084 ; 

1224*8 3 

99 

10 

1 12 

99 

11 9 

3*084 : 

1262*0 1 

9? 

10 

0 14 

■99 ' 

11 9 

3*084 

803*8 

99 

10 

1 0 

ii . 

11 9 

3*084 

863*9 

99 

10 

1 2 

St 

11 9 

3*084 

924*6 

S3 

10 

1 4 

if 

11 9 

3*084 

907*8 3 

91 

10 

1 6 

if 

11 9 

3*084 1 

L060-2 3 

99 

10 

1 S 

if 

11 9 

3*084 ] 

L106-4 3 

99 

10 

1 10 

Si 

11 9 

3*<m 3 

1178*0 3 


ft. 
1292*3 
940‘6 

11579*0 

1809*9 

1790*7 

I308-5 

1487*9j 

|1404‘4 

'1606*4 

1690*0 

1618*7 

!l447*o 

1720*5 

|1090*6 

1769*8 

ill01*6 

1M4-0 

'1613*7 

1484*5 

1163*4 

[1252*7 

:1167*6 

|1272*8 

946*4 

1190*2 

1197*4 


Eemarks 


809*2 

870*0 

931*1 


}> Experiments to ascertain 
the Initial Velocity of 
Projectiles fired *ndth 
Service Charges fi*om 
Service Guns. 


f Preliminary experiments 
I with 12-pr Ai'instrong gim| 

Experiments to ascertain 
the initial velocity of 
■ the 12-pr. Armstrong 
projectile in fiinction of 
the weight of the shot. 

Experiments to ascertain 
the initial velocity of 
• the 12-pr. Armstrong 
projectile in function of 
the weight of the charge. 

Experiments to ascertain 
the initial velocity of 
the i2-pr. Armstrong 
projectile in function of 
the weight of the charge. 
(2nd senes). 


Shell reduced throughout to the diameter of the bore of the g 
Same as last, but a diiTereiit description of powder employed. 
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NAA^Z ELECTEO-BALLISTIC APPiVEATUS. 

TABLE SHEWI3S-G THE EEIATIOHS BETWEEN THE AEGS PASSED THEODGH 
Am) THE COEEESPOKDI3SG DUEATIOifS EOE i = 0 "- 3337 . 


Bt Lieut. W. H. NOBLE, E.A. 


.Arcs . ' 

Partiiil 

Total 

Arcs, 

Pai’tial 

Totd 

BTii'ations. 

Durations. 

Durations. 

Durations- 

go 

// " 

// 

0*112397 

o 

// 

0*001585 

// 

0*001945 

95 

0*217503 

31 

0*114342 

( 3*001592 

0*001919 

96 

0*219095 

32 

0*116261 

0*001599 

0 * a )1895 

97 

0*220694 

83 

0*118156 

0*001007 


0*001872 

98 

0*222301 

34 

0*120028 

0-001615 

o * oca . 85 i 

99 

0*223916 

35 

0*121879 

0 * 0)1624 

0*001830 

100 

0*225540 

36 

0-123709 

0*031633 

0-001811 

101 

0*227173 

37 

0*125520 

0*001643 

0*001793 

102 

0*228816 

38 

0*127313 

0*001653 

0*001775 

103 

0 * 2301.69 

39 

0*129088 

0*001664 


0*001759 

104 

0*232133 

40 

0*130847 

0*001676 

0*001743 

105 

0*233809 

41 

0*132590 

0*001688 

6*001728 

106 

0 * 235^197 

42 

0*134318 

0-001701 

0*001714 

107 

0-237198 

43 

0*136032 

0 * 0)1714 

0*001701 

108 

0*238912 

44 

0*137733 

0*001728 

0*001688 

109 

1 0*240640 

45 . 

0*139421 

0*001743 

0*001676 

110 

0*212383 

46 

0*141097 

0 * 0 () i 759 

0*6o1604 

HI 

1 0*244142 

47 


0*142761 

0*001775 

0*001653 

112 

0 * 2.45917 

...48 


0*144414 

0*001793 

0*66i6'43 

113 

0*247710 

49 


0*146057 

0*001811 

0 * 0)1633 

1 X 4 

0*249521 

50 


0*147690 

0*001830 


115 

I 0*251351 





0*001851 

90 


0*209641 

116 


1 0*263202 

91 

0*001561 

0*001872 

0*211202 

117 

; 0*255074 


0*001566 

0*001895 

92 


0*212768 

118 


1 0*256969 

93 

0*001572 

0*001919 

0*214340 

119 

0*258888 

94 

0*001578 

6-001945 

0*215918 

120 

0*360833 






seconds. 


30*40 

28*25 

26*70 

22*46 

19*65 

15*95 


seconds. 

30*33 

32*25 

34*75 

34*75 

41*50 

4^*50 


2*50 

3*00 

3*75 

4-00 


There are here evident indications of the rate of retardation being some- 
what greater at low than at comparatively high pressures ; but^ neglecting 
these indications^ the above numbers give 1*043 second as the average 
retardation in a six-inch or thirty-seconds fuze for each inch of mercurial 
pressure removed. This result agrees closely with that obtained by 
Quarter-master Mitchelh if we except those fuzes which he burnt at the 
greatest altitude ; and in reference to which some error must obviously have 
crept in. The following table shews Mr Mitchelhs results uniformly with 
those in the last table. The fuzes which he employed were fifteen-seconds 
or three-inch ones, and their times of combustion have therefore been 
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* Proeeedmgs Eoyal Society, Vol. XC, p. 137. 


ON THE INFLUENCE OF ATMOSPHEEIC PEESSUEE UPON SOME OF THE 
PHENOIMENA OF COMBUSTION. 

By Be EBWABD TIUNKLANI), F.E.S. 


Although of candles and other similar combustibles, 

whose flames depend npon the volatilization and ignition of combustible 
matter in contact with atmospheric air, is not perceptibly affected by the 
pressure of the supporting medium, yet this is not true of all combustibles. 
The rate of burning of self-supporting combustibles, like the time-fuzes of 
shells, depends essentially upon the pressure of the medium in which they 
are deflagrated. Attention was first called to this fact by Quarter-master 
Mitchell,* who found that the fuzes of shells burnt longer at elevated 
stations than when ignited near the level of the sea. The results of the 
author's experiments with six-inch or thirty-seconds fuzes burnt in artificially 
rarefied air are embodied in the following table : — 


Average 
pressure of air 
in inclies 
of mercury. 


Average time 
of deflagration 
of 6*in. fuze. 


Increase of 
time of burning 
over preceding 
observations. 


Increase of 
time of each 
diminution of 
1-in. pressiu*e. 


seconds. 

•893 

*980 

•925 

1*339 

1*081 


inclies. 


2*15 

2*55 

3*25 

2*80 

3*70 


Seduction of 
pressme 
corresponding 
witli increase 
of time. 
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multiplied by two iu order to bring tliem into comparison with the six-incli 
fazes wliich were used in' the aiitlio/s experiments : — 


, Pressure of; 
ail* in ineiies 
. of mercury. 

, ATcrage time , 
of combustion 
of 6-in. fuze. 

Increase of 
time of 
combustion 
over last 
observation. 

Eeduction of 
pressure 
cori’esponding 
to increase 
of time. 

Increase of 
time :fo3’ eaeli 
diminution of 
1-in. pressure. 


seconds. 

seconds. 

incbcs. 

seconrls. 

29*01 

'28*50 




2G*7o 

31*50 

3*06 

2*86 

: 1*070 

23*95 

34-20 ^ 

2*04 

2*80 

•943 

2:2.98 

36*25 

2-05 

•97 

2*113 


Here, omitting tlie last determination as abnormal, we have the average 
retardation, in the combustion of a six-inch fuze, for each diminution of 
one-inch mercurial pressure, equal to 1*007 second, which coincides almost 
exactly with the number (1*043) deduced from the author^s experiments. 

Tlie results of both series of observations may tlierefore be embodied in 
the following law : — T/ie imremenU m time are proportional to the decre- 
ments in pressure. Tor all practical purposes the following rule may be 
adopted : — Each diminution of one inch of harometrical pressm^e causes a 
retardation of one second in a thirty -seconds fuze / or, each diminution of 
atmospheric pressure to the extent of one mercurial inch increases the time 
ofhtirnmghjone4h\rtieth. 

This retardation in the burning of time-fuzes by the reduction of atmo- 
spheric pressure will probably merit the attention of artillery officers. Up to 
the present moment these fuzes have been carefully prepared so as to burn, 
at "Woolwich, a certain number of seconds; but such time of combustion at 
the sea-level is no longer maintained when the fuzes are used in more 
elevated localities. Even the ordinary fluctuations of the barometer in our 
latitude must render the time of the combustion of these fuzes liable to a 
variation of about ten per cent. Thus a fuze driven to burn thirty seconds 
when the barometer stands at 31 inches, would burn thirty-three seconds if 
the barometer fell to 28 inches. Even the height to which a shell attains 
in its flight must exert an appreciable* influence upon the burning of its 
time-fuze ; to a still greater extent, however, must the time of combustion 
be affected by the position of the fuze during the flight of the shell. If it 
precede the shell, the time of burning must obviously be considerably shorter 
than if it follow in the comparatively vacuous space behind the shell. 

The apparently opposite conclusions to which we are led as regards the 
influence of atmospheric pressure upon the rate of combustion, by the 
experiments upon candles on the one hand and upon time-fuzes on the other, 
are by no means irreconcileable ; in fact, an examination into the conditions 
of combustion in the two cases scarcely leaves room for the expectation of 
any other result. In the combustion of a candle, the author proves that, at 
all pressures, there is a sufficient supply of melted combustible matter kept 
up at the base of the exposed portion of the wick: the capillarity of the 
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latter is not affected by pressure; and as tlie temperature of tlie flame is 
also proved to remain practically constant; effecting the evaporation of the 
same amount of combustible matter under all pressures^ it follows that the 
rate of consumption of a candle must be nearly or quite independent of the 
pressure of the surrounding medium. In the deflagration of time-fuzeS; the 
conditions are obviously very different. Here the combustible matter never 
comes into contact with atmospheric oxygen until it has been ejected from 
the fuze-case. Unlike the candle, the composition contains within itself 
the oxygen necessary for combustion, and a certain degree of heat only is 
necessary to bring about chemical combination. If this heat were applied 
simultaneously to every part of the fuze composition, the whole would burn 
almost instantaneously. Under ordinary circumstances, however, the fuze 
burns only at a disk perpendicular to its axis ; and the time occupied in its 
deflagration necessarily depends upon the rapidity with which each successive 
layer of composition is heated to the temperature at which chemical com- 
bination takes place. This heat, necessary to deflagration, is evidently 
derived from the products of the combustion of the immediately preceding 
layer of composition ; and the amount of heat thus communicated to the 
next unburnt layer must depend, in great measure, upon the number of 
particles of these heated products which come into contact with that layer. 
Now, as a large proportion of these products are gaseous, it follows that, if 
the pressure of the surrounding medium be reduced, the number of ignited 
gaseous particles in contact at any one moment with the still-unignited disk 
of composition will also be diminished. Hence the slower rate of deflagration 
in rarefied air. 
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OH THE DETEIMIHATIOH OF EAHGl TABLES FOE 
EIFLED OEDNANGE. 

By colonel LEEROY, R.A., E-E.S.: ■ ' ^ 


1. The Eange Tables in tmiversal use in onr service profess to give tbe 
tnae mean horizontal range of the projectile ; that is to say, the distance 
from the gun at which the shot touches the horizontal plane on which the 
carriage is placed. Thus we see for point blank range, or 0"^ of elevation, 
a range assigned of 300 yds., or some such quantity, leaving it to be 
inferred that O'^ elevation is proper for all distances up to 800 yds., unless 
we adopt the alternative that something less than 0^ of elevation, i.e, a 
depression, is to be given to strike an object witMn that distance ; that 
this cannot really be the case is self-evident* The anomaly arises from 
inaccurate definition of the range of a shot: a gun is not fired at 300 yds., 
or indeed, generally speaking, at any other distance, to strike the ground, 
but to strike an object above the ground; and the elevation to be given 
must be such that the trajectory shall pass through the point aimed at, 
consequently giving a greater horizontal range than the distance to the foot of 
the object, — we acknowledge this in musketry fire, and it is the principle which 
regulates the sighting of all rifles. The irregularities of fire make the distinction 
practically of no importance at considerable distances ; but it is far other- 
wise at short ranges, where the precision of rifled guns makes it possible to 
strike a small mark, and it becomes necessary to adopt the following precise 
definition of range ; — 

(1) By Me range due io a given elevaiwn^ m meant Me distance from Me 
muzzle of Me gun to Me second intersection rf the trajectory taith the line of 
sight {the first intersection being close before tie mmde)* 

Hote. — ^Tlie following is extracted from tlie Mhglemmt sur ta service du canon de 4 rage de 
cam^agne systeme la Blitte, 1860. It is to be regretted that we baYe no term eqniyalent to hub 
m hlanc, as distinct from porteef and are obliged to take tlie term range j but it must bo well 
obseryed tbat there is nothing inconsistent between this definition of range and the common, 
sense of it, and nothing whatever to prevent the word in ordinary language being used to 
signify the distance to the first graze of the shot on horizontal ground. But then it should be 
understood that the tabular range is the distance to the object or target; and if the shot misses 
that object and goes further, or strikes, and passes through it to the ground, the range on the 
ground corresponds in the Table to a slightly larger angle, — ^to the angle in fact which would be 
given if the object intended to be struck were at the distance of the point actually struck. The 
Americans call the portde de but en hlane the point blank range, we call it the line of metal range. 
When a gun is laid directly on an object by line of metal, it is said by them to belaidjpoi^tt blank,* 
This definition is of course inconsistent with the use of disparts ; with the Armstrong guns, which 


* Uibboa’s “ Artifleriats Manual," 1860, p. 236, 
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(2) For example;, let G be the muzzle of a gun 4 ft. above the plane, 
and 6 a small object also 4 ft, above the plane at 1000 yds, distance. 



Then the elevation B for 1000 yds. by the Tables will cause^ the shot to 
strike the ground at H, 4 ft. vertically under i, and if we want it to strike 5 
we must give it some elevation due to a greater range J?/; but if the 
tabular elevation were the angle instead of the angle EGEy then 

because there is no sensible difference between and E^Gb^ in other 
words, because tbe second intersection of the trajectory with the line of sight 
is at the same distance from the muzzle whether this line be slightly inclined 
like GB or level like Gb, then it would be sufficient in each case to direct 
the line of sight on the object, and to give the tabular elevation above it. 

(3) There are three ways of conducting the experimental practice at 
the School of Gunnery upon which our Tables are based 

Mrst — The gun is on a travelling carriage on the sands, and the elevations 
given by tangent scale above a mark of the same height as its own axis, 
viz. 3 ft. 6 in. to 4 ft. 6 in. 

Second . — ^The gun is on a naval carriage with the axis 8 ft. above the 
sands, and the elevations are in this case also generally given by tangent, 
above a mark of tbe same height as the axis. 

Third , — ^The gun is on a garrison or other carriage with the axis about 
17 ft. above the plane, and the elevations are either given by spirit-level, or 
given by tangent above a mark of a known height at a known distance. 

‘ In either case the elevation recorded is that given by the tangent scale or 
the qnad/rant as the case may be^ and the range recorded is the distance of the 
first graze on the sands. 

The following Table of 40-pr. practice under all these different conditions 
will shew how variable the results are when erroneously referred to these 
nominal elevations instead of the true elevation. 


hjaTe a liii6 of metal elevation of 6', it miglit be used, and it would tben be exactly consistent witb 
tbe definition given above, 

" Xe premier point de rencontre de la trajectoire avec la ligne de mire ^tant trSs rapprocbd de ia 
pi^ce, on n’a pas k s’occuper du tir sur an but situd entre ce point et la boucbo. 

"Le second point de rencontre de la trajectoire avec la ligne de mire se nomme en hlanot et sa 
distance k la pifece jpari^e de hut en hlanc, 

** Quelle que soit VincHnaison de la ligne de mire naturelle en dessus ou cn dessons de i’horizon, 
dans les conditions ordinaires du tir, la !pwt4e de hut m hlanc reste sensiblement la m^me. 
CJependant, ou appeUe plus sp^dalement portee de hut en hlanc la portae obtenue (juand la Ugne 
de mire est borizontale. 

“ Cette portae est de 600 m. pour le canon de 4, rayd, de campagne. 

' ** Ainsi, pour attemdre un but plaed a 600m*, il faut pointer directement 6ur ce but par le fond 
des orans de mire de la culasse ^ du ^c., p. 91, 
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■ "TABLE I. 

BAIJ^GES , 'OBTAINED m 40-pr. PBACTICB, UNBEB TB.M lOLLOWIYG : 

CONBITIOYS. 

(«) Gun on a travelling carriage; axis 4| ft. above tlie plane; ele- 
vation given by tangent scale above a mark 44 ft. above tbe plane^ wMcb 
is' nearly a dead level, 

(^) Gnn on a naval carriage; axis 8ft. above the plane; elevation 
given by tangent scale above a mark 8 ft. above the plane. 

(c) Giin on a garrison sliding carriage; axis 174ft. above the plane; 
elevation, given by spirit-leveL 


Observed mean Ranges, 


Kominal 

elevation. 


(6) 

8 ft. 

(^) 

17ift. 

(P 


376^^ 

492 w 

1 ® 

682 

■ 723 , ■ 

-■ ,783 - 

2 ^ 

1061 

1077 

1151 


1429 

1448 

1491 


1779 

1806 

1873 

g.a 

2116 

2129 

2274 


— ■ 

2563 

— 

r 

2727 

2925 

2955 

8 ° 

— 

3186 

— 

90 

3303 

3562 

3454 

10 ^ 

3377 

3751 

! 



The above are the means of solid shot^ common sliells and segment shells, 
because we recognize no difference in the range of those projectiles, nor is 
there in fact, practically, any sensible difference. It is evident that unless 
we are prepared to promulgate different Tables for every sort of service, these 
results must be harmonized into some general Table which shall be true for 
the gun, however it is situated relatively to the object to be struck. This 
is fortunately very easy. 

4. Let h = height of the axis of the gun above the plane, 

a = distance of the mark above which the elevations are given, 
i = the height of that mark above the plane, 

B = the horizontal range recorded, 

B == elevation by tangent sight above the mark 
0^ = the true angle to winch the range B is to be referred. 



(1) Tlien let us first suppose the case of the gun laid at the given 
object h for direction ; but the elevation given by spirit-level. In this case 
the height of the object b is immaterial, the angle recorded namely MGE of 
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the figure (p. 19), simply requires a + correction EGM, wlien it will be 
converted into tbe angle EQB, 

^(?iZ = tan-i^ 1. 

6^ must be subtracted to reduce it to tangent elevation^ because tlie zero 
of tbe tangent scale in all Armstrong's guns gives an elevation of 6^ as referred 
to tbe axis. 

(a) The effect is the same if the gun is laid by tangent sight at an 
object the same height above the plane as its own axis ; remembering how- 
ever that when the tangent sight is at zero the axis of the gun has an 
elevation of as above stated^ and therefore that the line of sight GH is 
not the same as when the gun is laid by spirit-level on the true horizon. 

(3) Next let us suppose the gun laid at the mark 3^ not the same 
height as itself, and the elevation given by tangent above 5. This is the 
common case when the guns are fired from the permanent platforms at 
Shoeburyness^ and the elevation is given above a mark 7 or 8 ft. high at 
1000 yds. or some other known distance. 

The angle 6 recorded is BGA of the figure, p. 19 : the true angle 6-^ to 
which the ranges must be ascribed is EGB^ or EGB, according as the 
range is less or greater than the distance m of GA produced. 

Knowing the height of the a.xis of the gun and of the mark A^ we know 
the angle of depression of A^ namely the angle whose natural tangent 

h h y 

a 

In like manner, 

EGR=QBL = j^ 11. 

R 

The correction to the elevation then is 

e = tan-i tzl - tan-iA HI. 

a E 

and is additive when the second angle is greater than the first ; this is the 
case when B falls within the distance a. 

In words. Find the angle of depression OGA of the mark above which 
tangent elevations are given. 

Find the angle subtended by tbe height of the gun at each mean range. 
Add the difference of these two angles to the given elevation as long as the 
second is the greater, which it will be for all ranges less than m : subtract 
the difference from the given elevation, when the. second angle is the less, 
which it will be for ranges beyond m. 

When Gm coincides with GH, i.e. when the gun is laid by spirit-level or 
at a mark of the same height as its own axis, the correction is simply the 
angle subtended by the height of the, gun at each distance B, and is always 
additive. 

6. , Let us now examine Table 1. after applying these corrections to the 
angles, v / _ - - 



> . "TffiS' EOXAL AEmLEE^' mSTITUflOF. : , 21' 

. Tmm II, 

EJlHGES 01 40-pr. GUH COERIOTEI) for. the differeot heights of ■ the 

AXIS, AKB EEDHCED TO THE TRUE ANGLE AS BEFINED,^^Xf 1. : 


'' Elevation Ry T. 

Yards. 

I Elevation by T. 

Yards. 

Elevation by 21 

Yards. 

0 



o 

/ 


o 

f 


'0 


312 

4 

2*0 

1779 



— 

O' 

2m 

376 

4 

6*1 

1806 




"0 

ms' 

, 492 

4 

4*7* 

1873 

8 

2*9 

3186 

■' 1 


682 

■' B 

2*5 

2116 



mSm 

;■ Vi 

m • 

V 723" 

6 

4*3 

2729 

9 

1*6 

miMmm 

1 

19*1 

783 

6 

2*8 

2274 

9 

2*6 

3562 


4-9 

1061 



■ — i 

8 

59*8 

3454 

s 

8-6 

1077 

6 “ 

3*6 

I 2503 

10 

1*6 

3677 

2 

11*4 

1161 

#1 



10 

2*5 

3751 

3 

3*6 

1429 

7 

1*9 

i 2727 

.. 


— , 

3 

6*5 

1448 

7 

3*2 

2925 




3 

7*4 

: 1491 

7 

0*8 

2955 





6. If the irregularities do not entirely disappear from the foregoing Table, 
it will at least be admitted that they are ^eatly reduced in amount; for the 
rest we must fall back on the variable circumstances of wind and weather 
attending each series. Speaking generally, the practice on the travelling 
carriage up to 5^ was favoured by a moderate wind down the line of fire ; 
above 5° the wind crossed the line of fire, and had little or no influence on 
the range. The practice on the naval carriage was made with wind crossing 
the line of fire, and the ranges will be little affected by it. The practice on 
the garrison carriage was made with a prevalence of high wind down the line 
of fire, and the ranges are beyond doubt considerably augmented by it, 

7. The practical conclusion from the whole is. 

First , — Our fundamental Range Tables should be so made out as to have 
no reference to the height of the axis of the gun, or the relative position 
of the gun and the object intended to be struck,, within common or 
moderate limits. 

Secondly , — All that is requisite is, that however the recorded angles of 
elevation be obtained, the corrections shewn above be applied to make true 
angles of them, before they are combined graphically or otherwise to deduce 
Tables of mean ranges for even degrees of elevation, or of mean elevation 
for given distances. 

Thirdly , — It is to be understood that the tabular elevations mean the 
elevations proper to strike the point above which each elevation is given, 
and the gun is to be laid at that point, e,g, the centre of a target and not 
the bottom or the top, or a man^^s height, or any other arbitrary object. 

Fourthly , — ^The inaccurate practice of laying high or low to correct a 
bad shot should be avoided : the proper and only accurate course is to lay 
again at the same point but give more or less elevation, the gunner then 


* The reason the tliird angle Rere begins to he less titan tRe second is* that tRe constant 
correction of — 6' to reduce q[uadranfe eleyations to tang^t elerations exceeds tRo -f- torreciaon* 






20-pr. 16|c. 


Nature. 


6-pr. 3^c. 


9-pr. 6c. 


12-pr. 8|c. 


11b. 2oz. 


11b. 8oz. 


2 lbs. 8oz. 


Elev. 


Elev. 


Elev. 


sec. 

0-60 

0*85 

1*12 

1*46 

182 

2*14 

2*46 

W 

3*06 

3-40 

3*76 


sec. 

0*40 

0*90 

1*25 

1*57 

1*90 

2*25 

2*68 

2*90 

3*26 

3*60 

3*96 


Iciiows what li6 is about^ and wliat elevation lie is really using j for example^ 
the difference between the centre and the bottom or the top of a 9 ft,^ target 
at 1000 yds. is hF 6', if tliis correction is required it should be fairly given on 
the tangent scale. Equally at variance with correct principle is, the conunon 
practice of laying at the top of the target when the intention is that the 
Slot shall strike about the centre. It is simply recording an elevation less 
than it would be if it were given above the point struck or meant to he 
struck, but does not alter the facts of the case, or the relation of the axis of 
the gun to the proper line of sight. It makes a difference of 4' or 5' at 
1000 yds., the target being 9 ft. square. The object is sometimes explained 
to be that by so doing the shot strikes short, and the gunner can correct 
his aim next time; he could do this equally well, and preserve consistency, 
by aimiTig at the point he intends to strike, but giving 4' or 5' less elevation 
tha.Ti is due to the estimated distance. Eor example,— March 10, 1862, A 
squad at exercise fired 22 rounds with a 12-pr. at a 9 ft. target, distant 
1000 yds., and aH the shots struck. Table III. assigns 1°, 50' as the 
proper elevation to strike the centre of the toget at 1000 yds., the gun 
being laid at that centre : the actual elevations given were 1°, 47' to 1°, 53^ 
the gun being laid near the top, or 1°,51' to 1°, 57 as referable to the 
centre. It is difficult to see what difference in practice it would have made 
to the gunner if he had been taugbt to lay at tbe centre and give 1°, 50' 
which would have struck low, and have been corrected next time; or if 
1°, 50' proves eventually rather too small a mean elevation, if he had given 
1°, 53' or whatever else may he the ultimate tabular quantity. In principle 
however it makes a material difference whether he is taught to expect to 
strike the point he lays on, or to strike another point. Eange tables can be 
as easily accommodated to one system as the other — but the one is accurate, 
consonant with the instructions of theory, with musketry practice, and with 
the practice of other artilleries; the other is arbitrary and, in principle, 
inaccurate. It is scarcely necessary to remark that mean ranges, as the term 
implies, are not the actud ranges under all conditions ; the judgment of the 
officer must under any circumstances direct him how closely to follow the 
table, — and when to deviate from it. 


8. The foEowing Tables are deduced from actual practice in tbe manner 
here reconomended, subject to future correction from better data : — 


Table III. 
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Table rV. — Cmtmmd. 


Kature, 


Charge. 


sec. 

0-12 

9-46 

9*81 

10-20 

10- 63 

11- 08 
ll*54i 
11-98 
12*46 
12*98 

13- 50 

14- 00 


9. To make tMs subject complete., I subjoin a corresponding Table for 
the guns and charges peculiar at present to the naval service^ as far as 
completed. 

Table Y. 


I 141bs. 

I Elev. 


o 

/ 

sec. 

7 

32 


7 

62 


8 

12 


8 

32 


8 

51 


9 

10 


9 

29 


9 

48 


10 

7 


10 

26 


10 

46 


11 

7 

t 


ISfature. 

12-pr. 

20-pr. 

Charge. 

lib. 8 o2. 

21b. 8oz. 
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10. The ranges recorded at ShoebnryneSs and which liave formed the 
basis of the foregoing Tables^ are subjected to two operations, 

(a) HaYiiig found the arithmetical mean of all the ranges for a given 
elevation^ the deviation of each individual range from this mean is taken out, 
and the average of these differences, without regard to sign, is called the 
mean difference of range. 

Each shot is referred to a datum line for deflection j the mean of all 
the deviations from this line, taken with regard to sign, is the true mean 
direction of all the shots, as referred to the datum. This quantity again, 
being subtracted from each observed deflection, the remainder is the deflection 
of the shot as referred to the mean direction of the whole, and the average 
of these remainders, taken without regard to sign, is the tnie mean defection 
of the series after eliminating wind, derivation as our neighbours caE it, or 
drift, and any other constant error, such as want of verticality in the tangent 
sight. It correspondes in fact to "dm figure of mint in rifle practice. 

I subjoin an extract of these quantities for various series of practice, 
taking the results at 2*^, 5°, and 10® as a criterion of the whole. It so 
happens that up to the present time the 40-pr. has been fired less frequently 
than the other guns under circumstances giving a mean of 10 or more exactly 
comparable shots at 10®. Less than 10 rounds will give a very reliable 
mean range, but not so reliable a difference of range, or mean deflection. 


Table VI. 

MEAU niEFEBENCES OE BA1S"GE AND MBAK BEFLECTIOI^S OE ABMSTBONG GENS 
OBSEBVED 05 CERTAI5 OCCASIONS OF EXPERIMENTAL PRACTICE, WITH THE 
MEAN RANGE TO WHICH THEY BELONG, 


Bate. 

2° 

rp ■■ 

10*^ 

No. of 
rounds. 

Mean 

range. 

Mean 

differ. 

of 

range. 

n{ O 

otu 

o g 

Mean 

range. 

Mean 

differ. 

of 

range. 

Mean 

Deflection. 

50 
O r-, 

. S3 

^ i 

Mean 

range. 

Mean 

differ. 

of 

range. 

Mean 

Deflection. 



yds. 

yds. 

yds. 


yds. 

yds. 

yds. 


yds. 

yds. 

I yds. 




9-pr. Charge, 1 lb. 2 oz. 






4/ 1/62 

20 1 

020 

19*7 

0-77 1 20 1 

1821 

20*2 

1*57 

20 

2980 

26*0 1 3*371 




12-pr. 

Charge, lib. 8oz. 






25/ 2/61 

20 

988 

12*9 

0*37 

20 

2006 

11*4 

0*60 

I 20 

3249 

22*5 

4*46 

20/10/61 

— 

— 

— 

— 

10 

2019 

25*8 

1*00 

10 

3304 

31*9 

1*80 

S/i2/61 

10 

1089 

10*3 

0*50 

10 

2081 

11*7 

1*10 

10 

3399 

24*2 

0-80 


10 

1101 

12*4 

O-GO 

10 

2111 

12*3 

1*40 

10 

3418 

18*1 

0*90 

6/ i/6S 

20 

1102 

18*1 

0*65 

20 

2116 

12*8 

1*20 

20 

3480 

21*3 

2*40 




L. S. 20-pr 

Cl 

large, 2 lbs. 8o 

iZ.' 





6/12/61 

[10 

1 810 

9*0 

0-50 

10 

1596 

33*5 1 

1-50 1 

9 1 

2368 1 

24*8 [ 

1*10 

6/12/61 

!io 

1 810 

6*7 

0*30 

10 1 

1600 

45*3 1 

0*60 1 

— 1 

- 1 


— 
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Table TI. — Contimei, 


■ Date. 

2° 



5° 


. ' 10'" 

"^4 

of 

Mean 

range. 

Mean 

differ. 

of 

lange. 

— 

§1 

II 

Is 

Mean 

range- 

Mean 

differ. 

of 

range. 

al 

CD O 

r§ 

d 

. o 1 

Mean 

range. 

Mean 

differ, 

of 

range. 

S.'S 

H 



yds. 

yds. 

yds. 


yds. 

yds. 

yds. 


yds. 

yds. 

yds. 





40-pr, 

Chai'ge 5 lbs. 






4/ 3/61 

10 

1059 

19'6 

0*68 

... 

... 

... 







10 

1096 

12*8 

0*49 

••• 


... 






9/ 9/61 

9 

1117 

21-9 

1-30 

10 

1966 

16-8 

1*00 






10 

1047 

11*8 

0*30 

10 

2032 

34-7 

2*48 






ftt 




20 

2106 

29*4 

2*33 





30/10/61 

««» 

... 

... 


16 

2100 

36*1 

1*80 






... 


«•» 

• ** 

17 

2102 

18*3 

1*70 





22/”l/62 

20 

1128 

16-6 

0-71 

20 

2165 

23*8 

1*83 

20 i 

3672 

19*5 

2*33 

24/ 1/62 

19 

1235 

17*1 

0-70 i 

... 

... 

... 

... 

20 I 

3847 i 

30*5 

1 3*78 




llO-pr. 

Charge 121bs. 






15/ 1/61 


1 



20 

1839 

15*7 

: 61*46 





14/ 2/61 

20 

1010 

20*25 

0*63 


... 

... 


20 1 




16/ 4/61 


( 


... 



■ ... 

... 


3493 

45*46 

3*40 

24/ 6/61 




... 



... 


15 1 

3594 

42*33 

4*60 

17/ 8/61 

10 

1197 

28*60 

1*46 

10 

2309 

29*5 

4*46 













16 

3791 

61.9 

11*45 


11. It results from the foregoing Table that up to 5^ of elevation, 
the average deviation of any shot from the mean range which would be 
given by a continuance of practice, under the same circumstances, varies 
between 0*007 and 0*029 of the whole quantity, or from less than one- 
hundredth to nearly three-hundredths of the actual ranges (the average is 
about *014 or one-hundredtb and a half). Irregularity in the strength of the 
powder, difterence in the direction and force of the wind, and many other 
causes contribute to make the range different on different occasions, but eacli 
shot is true within these limits, to the circumstances of the moment ; and 
the second may be corrected by the first with a confidence unknown to 
smooth-bore practice. 

12. A line of troops subtends an jangle of between and 4/ at 2000 yds. 
and the hull of a vessel 12 ft. out of the water, an angle of between 7' and 
8', The height of the first allows a latitude of 20 or 30 yds. of range, and 
of the second a latitude of 60 or 70 yds. in the estimation of distance, 
and to this approximation should it if possible be ascertained. At least 
three centuries ago, Nicholas Tartaglia expressed the importance of this 
question in language not the less true for its quaintness, and as the subject 
cannot be too frequently brought before the artilleryman, I quote his words 
below, 

Atx, frhs-illusfre et irhs-mvindble Beigwwr ^romcms Marie de JB^eUre de la Movere, excellent 
iissnme due i^Vrbm et de Sorag 

"Ensxiite, magidfique seignetce, |*aii que toutes ces diverses connaissances seraient de 

** fort peu de secours & ua artiUeuri Be conxiaissait pas la distance du lieu oil il doit fair© 
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" amvef. ses .coups. ■ Supposons, ■ par esemple, qu’il eiit k tirer siix-tm Hem,, apparent, mais 
** doEt reloigii,eineiit' M fut ,iiieo.!inu, ■ 4 qmoi, 6 dmc magnanime, Imi seryirait en cette 
** occasion de savoir qiie .sapiScesoms tel angle p.orterait 1,356 pas, sous; tel antre4 1,458, et 
**■'80118 tel autre encore k l,55'4pas, et ainsi de suite, de.degreea degre., Acoup:sur'eela,iie lui.. 
**semrait a rien, puisque, ignorant ia distance, E serait dans, rinipo'SsiMitd, de cHoisw 
** i’elevation sous laqueile E devrait tirer sa pi^e pour atteindre le but proposd. li suit d@ 
** que deux choses prindpales sont ndcessaires k un arfcilleur qui tient 4 tirer d’une mani^re 
** mf ioanelle, et non auHasard, deux elioses teEementliees I’une aTautre, que la eonnaissanee 
** de la premiilsre devient tout a fait xnutEe sans ecEe de la seconde (je parle iei de tirs k de 
** longues distances). La premiere dc ces choses consiste k savoir reeonnaitre et determiner 
** approximatirement 4 la vue la distance du Heu qu’E s’agit de battre ; la seconde est de 
” coimaitre la grandeur des port&s de la pi^ce sous Ics diderents angles d’ deration- ’’ 

Za Balistiqice de Nicholas Tartagliai first pubHshed in 1537, translated from the Italian 
by Professor EiefieL Paris, 1845. 


13 We have referred in 1 to the necessity for more precise definitions 
of terms than are usually given in English books of Gannery. Distinctions 
of importance are often lost sight of for want of them, or the same terms 
used loosely to express different things. This applies particularly to the terms 
elevation and range. I have endeavoured in the following to express as 
succinctly as possible what appear to be the principal definitions in rifled 
gunnery, and submit them with all due respect to the judgment of officers 
engaged in instruction. The Drench equivalents are in some cases added. 

Befinitiom in Gtinnery. 

1. Plane op Piee. — ^T he vertical plane passing through the axis of 
the gun. 

2. Angle op Elevation. — Angle de mire. The angle between the axis 
of the gun and the visual line from the sight on the tangent scale to the 
object. It has no reference to the horizon or to any natural level. 

3. Angle op Inclination. — Angle de Hr. The angle which the axis 
of the gun forms with the true horizon, or the angle shewn by a correct 
spirit-level. Tins is consequently the angle recorded when guns are laid by 

quadrant* 

4. Angle op Depaetuee. — Angle de projeetion. The actual angle 
which the shoDs path on leaving the muzzle makes with the true horizon ; 
this when tliere is windage may differ sensibly from the angle of inelmation^ 
and appears also to do so in the lighter rifled guns where the shot are 
observed to rise, from the muzzle being slightly thrown up. 

5. Range. — ^The distance from the muzzle of the gun to the second 

intersection of the trajectory with the line of sight (the first intersection is 
made near the muzzle, where the shot in its ascent crosses the line of sight). 
The range is not accurately the distance to the point at w^hich the shot 
impinges on the plane^ unless that is also the point aimed atj, but the difier- 
ence is practically of importance only at short distances. ■ : 
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There is no such thing as point Uanh range, this term which has iio 
equivalent in French, should if possible be disused/ or its conventional 
meaning be very carefully guarded. What is usually called point 
blank range, viz. the distance at which a shot impinges on a level plane 
when fired parallel with it, is really the range due to an migle of elevation 
equal to the angle subtended by the height of the gun from the point struck. 
The portee de but en blanc of the French is what we term the of metal 
referred however not to the plane, but to the second intersection of 
the trajectory with the line of sight. 

6, Point Blank. — A gun is only laid point blank when the axis prolonged 
passes through the object aimed at. The term had its origin in the erro- 
neous notion of the gunners before Kobins that every shot travelled a certain, 
and indeed a considerable distance, in a right line before it was acted upon 
by gravity, and to them point blank range expressed a definite although 
imaginary distance. The use of the term at present is productive of much 
confusion. 

Shooting Point Blank is when your mark you Shott at may be reacht in 
a Direct line without Curvity. A peice may be Elevated and yet shoot 
blank. For two peices on one and the same Battery being both within Blank 
the one may be layd level the other may Elevated so as to batter the same 
Fortificacation only some part that is higher. Therefore a peice may be 
Elevated and yet shoot Point Blank, But it must be within the right line 
of the peices reach.^^ — C ogkeh^s Gtmnerg (MS. War Office, 1710). 

7. Terminal Angle.— The angle which a tangent to 
the trajectory forms with the horizontal plane at the point of descent. 

■ 8: Angle of Incidence. — Angle d^incideme. The angle which the 
tangent to the trajectory makes with the actual surface at the point of 
descent. 

9. Angle of Descent.— d^arrivSe. The angle which the tangent 
to the trajectory makes with the horizon at the height of the crest of the 
parapet, or other object to be cleared. It is rather less than the terminal 
angle. 

10. Height of the Object.— Distance of the point intended to be 
struck above or below the horizontal plane passing through the mouth of 
the piece. Thus, if the height of the muzzle of the gun above the zero 
plane is 17 ft., and the point intended to be struck is the centre of a 
9 ft. target on the plane, the height of the object will be minus 12^ ft. 

IL Elevation of the Object. — ^Angle which a straight line drawn 
from the object to the centre of the mouth of the piece makes wuth the true 
horizon. 

12. Line of Metal. — Ligne de mire naturelle. Bight line connecting 
the front and back sight when the latter is at its lowest point, i,e. connecting 
the notch on the tangent sight with the notch on the swell of the muzzle or 
dispart sight, in smooth-bored guns, connecting the tangent and trunnion 
sight, or the ratchet and dispart sight in Armstrong guns. 

IS. ^ Line of Sight. — Ligne de mire artifcielle . — Bight line from the 
extremity of the tangent scale, at whatever elevation, to the front sight what- 
ever it is. When this line is directed on the object it becomes the line 
from which angle of elevation of the axis (1) is measured. 
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lEllEIS ON lEON BEFENCES. 


Bt CAPTAm H. a S. BYEE, B-A. 

Tiie first experiment recorded was carried on at WoolwicE in 1827^ at 
tlie instance of General Eord^^ E.E., who proposed to protect masonry with 
wrought-iron bars.* To test the value of this proposal^ a block of Dundee 
stone 6x5x2 feet was covered with I J-inch wrought-iron bars in horizontal 
courses, these were covered with another layer of 1| -inch bars placed vertically. 
The target was fired at with 24-pr. solid cast-iron shot, at a range of 
634 yds,: after 20 rounds had struck, 19 of the front bars and 5 of the hori- 
zontal course were broken, 4 bars were detached. The result of tliis experi- 
ment was considered so unsatisfactory that all idea of using iron as a means 
of defence was for the time abandoned ; it w^as again revived about the year 
1850, by Lord Ross and others, but ap])arently the time had not yet arrived 
for these sweeping changes in old established notions, and it was reserved 
for the Emperor Napoleon III. to bring the question to a practical issue. 

Tile superiority of the French floating battery engaged at Kinburn in 
1855, over the wooden ships engaged at the same time w^as so indisputably 
proved, that the Admiralty determined on providing themselves with some 
vessels of this class ; two of them reached the Baltic a short time before 
peace was declared, and were not required. As these vessels ownng to the 
great 'weight of their armour, and being provided with engines of such small 
power, could only be made available for coast defences, it was determined to 
construct others which should be invulnerable, without sacrificing the im- 
portant element of speed. Before proceeding in the construction of these 
ships, it was considered advisable to determine by experiment the best mode 
of disposing the armour for defence. For this purpose a committee was 
formed in July 1859, and carried on experiments on various descriptions of 
iron until April 1860, when the question was handed over to the Ordnance 


^ 5 ft. Itigli and 7 ft. thick, built of the best Aberdeen granite blocks, cased -with two layers 

of iron bars, the under layer being horizontal of l-inch square, and the outer vertical l|-ineh square, 
and each layer being strongly cramped into the granite, and the wall covered and surrounded hy 
12 ft. of earth. Cost £ 1 ^ 16a. 8d. 

“ The stone, iron, and convict labour for this work were given gratis by order of the Board, and 
the expense of coals and lime only charged, it being intended to try an idea of General Bord's, that 
wrought-iron bans would resist and break cast-iron shot. 

“ The experiment was made from a 24-pr. at 600 yds. distance, which, on striking the face of the 
iron-cased wall only nineteen times, had penetrated through both layers of bars, and pulverized the 
stone under them, so completely as to render further battering unnecessaiy.” — ^Extracts from Books 
in the Eoyal Engineer Office, Woolwich. ** Iron-cased WidI, Eoyal Arsenal, erected agreeably to 
Board’s Orders of 12th April and 19th May, 1826, by wnviot labour.*' 


80 


MIKTTTES OP PEOCEEBIKGS OF 


Select Committee. Tlie experiments carried on are so complete in them- 
selves that any epitome of them would convey bixt a very imperfect idea. 
The whole of these experiments are in prints and I have no doubt, quite 
accessible to any artillery officer who may wish to read them. 

The result, however, arrived at was, that a good wroiigiit-iron plate 4|-in. 
in thickness, backed with 18 inches of teak, is considered for all practical 
purposes proof against any ordnance not exceeding the 6S-pr. or 100-px\ 
Armstrong, at a range of 400 yds. 

During these experiments it was found that although, except in rare cases, 
ships of this construction were impenetrable, still, tliat penetration was at last 
obtained coupled with most terrible destruction if struck several times with 
heavy projectiles near the same spot. The shot on impact is broken in 
pieces, and carried through with the fragments of the iron and wood ; the 
plate in this case not only not affording any protection, but materially 
increasing the destructive effect of the shot ; on one occasion the number of 
pieces produced by a single shot were carefully collected, and it was found 
that there were over 700 pieces of wood and iron each of sufficient size to be 
formidable. The possibility of such destructive and alarming effects have 
led many to question the advantages of iron defences; but I think few except 
those whose sympathies are wedded to the romantic notion of the wooden 
walls of England, would hesitate to prefer defence capable of resisting all 
missiles under ordinary circumstances, — defective only in the improbable event 
of several shot striking the same spot, to being exposed to the fire of Armstrong 
100-pr. shell with 8^ Ihs. of powder, or Martinis liquid iron slielL 

I have mentioned above the fact of these 44-incli plates being impenetrable 
except in rare cases ; and as this exceptional case of penetration has been 
urged in favour of the Whitworth gun in jxreference to the Armstrong, I will 
enter more into detail on this matter than its importance might seem to 
warrant. 

The long range obtained by Mr Whitworth induced the government to 
try the effect of his ordnance against armour plates, and it was found that 
his flat-headed projectile obtained greater penetration than others, and in one 
case punched a hole through both plate and wood, and fell on the deck inside. 
The plate although penetrated was not much damaged, and the actual advantage 
gained by the penetration was very little ; for it must be borne in mind that 
this projectile was made of homogeneous iron, which did not break up on 
impact, and which from its cost could never be used except in an experi- 
ment. The punching action of this shot is not what is required to destroy 
armour plates ; for little or no damage would be sustained by a ship having 
holes of such small diameter punched in her armour, as there would be no 
difficulty even in action in plugging them ; and the shot having expended 
all its force in the penetration falls harmlessly on the deck. 

At the conclusion of the experiments, orders were issued for the con- 
struction of the Warrior,'^ the Black Prince,'^ the "Defence,'" and 
the "Eesistance," all of a similar construction, viz, 4 1 -inch wrought-iron 
plates, 15^x8^ 2 ^' feet, fastped, by IJ-inch bolts; 18 inches of teak 
well caulked, 4-in. wrought-iron skin on iron ribs 18 inches apart, the 
only difference being that, in the . Warrior and Black Prince the centre 
part alone is plated with 4|4nch iron, the bow and stem being con- 
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stfiicted of ordinary |*incli boilerplate; this constmction was adopted 
with a view of. gmng , increased speed withont' increased displacement. 
It is doiibtM eYen if the advantage gained in the increased speed obtained 
is not more than compensated by the disadvantage of having several of her 
gnns so inadequately defended^ that they could not be worked if ighting at 
close quarters; indeed, the thin coating of iron on bow and stern would 
greatly add to the destructive effect of the shot, as proved by some experi- 
ments carried on by Capt. Hewlett, C.B., H.M.S. Excellent, at Portsmouth, 
which shewed that all cast-iron shot are broken on impact with any wrouglit- 
iron plate fths in. thick, and pass through the plate in fragments. 

However, as the highest authorities differ on the important subject of 
sacrificing defence to speed, I will not presume to give an opinion. 

The principal disadvantages in the construction adopted in these first iron 
ships, are as follows: — 

(1) The through bolts by wounding the face of the plate render it liable 
to crack on being struck by a shot. 

(2) The 1 J-in, bolt is not sufficiently strong for the purpose. 

(8) The wmod backing is liable to decay, and its renewal would be 
necessary from time to time at nearly half the cost of a new sliip, 

(4) The tongue and groove at the edges of the plates render it impossible 
to remove a plate if damaged, without bringing the vessel into dock, and 
even then it would be a work of great labour and expense ; they also tend 
greatly to spread the destructive effect of a shot to the surrounding plates. 

As it was considered desirable that some farther experiments should be 
carried on to determine the best quality of iron for defensive purposes, a 
Committee was formed at the beginning of last year to ascertain whether 
it might not be possible by some improvement in the manufacture of 
armour plates to lessen the thickness of 4 1 -inches, and also to devise 
some mode of attachment that would obviate the necessity of bolt holes, 
and the tongue and groove. The question of employing iron for land 
defences was also submitted for their consideration, as "the Defence Com- 
mission liad some idea of employing iron very largely in constructing the 
works at Spithead, Portland, &c. Tins idea gave rise to the experiments 
that were carried on with the Thorneycroft bars. As greater resistance to 
shot was obtained by these bars than by any other means, and as they are 
now being employed in the defences of Antwerp, the following liistory of 
their origin may be interesting : — 

In the early stage of the inquiry relative to iron defences, it was found 
exceedingly difficult and expensive to obtain large forgings sufficiently sound 
to resist shot, until Mr Hartley, of the Shrubbery Iron WorkvS, Wolverhampton^ 
proposed to try the effect of rolled bars of iron tongued and grooved together; 
this proposal was agreed to, and Mr Hartley wa^ desired to prepare a target 
with as little outlay as possible ; he therefore adapted a pair of rolls he had 
in stock, and produced bars with a sectional area of 15x5 in., the size of 
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the rolls, or rather the chance selection of the pair used; determined the 
size of the first bars which obtained the name of Thonieycrofths bars, 
simply because they were made at the Shrubbery Iron 'Works, which were 
formerly more generally known by the name of Thorneycroft^s. A target 
formed of these bars secured together, (in addition to the tongue and 
groove,) by a bolt passing through them, was found to offer such resistance 
to shot as to warrant the belief that if reduced to 10x4|-in., the 
defence would still be found sufficient. An embrasure was therefore con- 
structed of bars 10x4|-inch having several feet of masonry above them; 
on this occasion, the bolt used in the former experiment to secure the 
bars together wms dispensed with, as it was considered that sufficient 
solidity would he obtained by the weight of the masonry above. This 
embrasure stood the most severe tests without shewing any signs of weak- 
ness; salvoes from 68, 80, 40, and 82-pr. guns were fired against it, 
apparently without damaging the structure, and it was with reason thought 
that an embrasure of this construction was invulnerable. Indeed, so 
confident were all in this method of applying iron for defence, that 
it was proposed still further to reduce the sectional area of the bars, 
and to substitute wrought-iron supports for the masonry. Two embra- 
sures were therefore constructed for experiment, one of bars 10x4f-iii., 
supported by wrought-iron uprights ^ ft. apart, and every fourth bar secured 
by a dovetail at the back to the upright. The other embrasure was com- 

f osed of bars 8 x S|~in., supported at the ends by masonry, and in the centre 
y wrought-iron uprights ft, apart similar to the other. At this experi- 
ment, Sir W. Armstrong's 120-pr, shunt gun was used, and the effect of this 
formidable piece of ordnance against the embrasures was such as to put 
an end at once to all idea of their impenetrability, and the strength anti- 
cipated by the wrought-iron" supports. It was found that the tongue on the 
bars was readily stripped off, and the uprights broken in the vicinity of the 
blow, leaving, as it were, each bar singly to resist the impact of the slmt 
without deriving any support from the others. In the bars used at this 
experiment sufficient care had not been taken in the piling to obtain 
the greatest amount of strength, but independently of this defect in manu- 
facture, the very small comparative resistance offered to the shot caused all 
idea of using these bars to be most reluctantly abandoned. Bars of this 
description possess many advantages over wrought-iron plates, if it were 
possible to hold them securely together, and make each one derive its 
proper share of snpport from the others. The advantages alluded to are as 
follows; — 

(1) The rapidity with which they can be manufactured. 

(3) The facility of transporting them from the forge to the work. 

(3) The great thickness of metal obtained sound at a comparatively 
small cost per ton, for it must be remembered that the price per ton of 
wrought-iron increases very rapidly in proportion to the weight : for example, 
while £19 per ton was paid for Thorneycroffs bars, with a prospect of a 
very considerable reduction, the armour plates were costing from £3£ to 
£40 per ton, mid the stem port of the Warrior cost no less than £150 
per ton. 
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These bars however are not suited for ships of war, as it is by no meaus 
an economical form (as regards weight) of disposing the iron for defence. 
The weakest parts of an armour-plated ship are the Joints of the plates : 
it follows then that the more these Joints are multiplied, the weaker the 
structure becomes. To obtain, therefore, similar resistance mtli plates and 
bars, the latter must be considerably thicker than the former,— a most 
serious objection where weight is of such great importance. 

The Committee appointed at the beginning of last year to continue the 
inquiry on the subject of iron defences, obtained the opinion of most of 
the principal iron manufacturers in the country as to the best quality and 
manufacture of iron to resist shot. The great diversity of opinion among 
so many practical men could only be accounted for by the fact that none 
of these gentlemen had ever had an opportunity of witnessing the effect of 
a shot on an iron plate, and this in some measure explains the very small 
progress that had, up to a recent period, been made in tlieir manufacture. 
In consequence, plates of various qualities and manufactures were ordered 
for experiment, and the makers were requested either to be present them- 
selves at the experiment, or to send some one in whom they placed 
confidence. They all most gladly availed themselves of this permission, 
and at the conclusion of the experiment they expressed themselves confident 
of being able to overcome all difficulties of manufacture, and of pro- 
ducing plates capable of resisting shot. Practical knowledge of great value 
was by this means afforded to those manufacturers who proposed to devote 
themselves to this branch of the iron trade ; and a spirit of emulation raised 
among the different iron-masters which cannot fail to have a most beneficial 
effect in bringing the question (as far as qualities and manufacture are 
concerned) to a satisfactory solution. 

The advantage of having allowed the iron manufacturers to be present at 
the different experiments is already becoming apparent in the improvement 
of the plates supplied for trial ; and the time is not far distant when the 
more general use of mechanical means, to move the large masses while being 
forged, will reduce the price per tou to more reasonable limits. 

These preliminary experiments determined the following points : — 

(1) That steely iron, commonly known as homogeneous iron, puddled 
steel, &c., when in large masses, is inapplicable for defensive purposes; 
although in the thinner plates this metal offered great comparative resistance, 
it became brittle when in large masses, and readily cracked when struck by 
a shot. 

(2) That plates of a hard crystalline structure are inferior to those of 
a soft fibrous nature. 

(3) That the great fault and primary cause of weakness in all forged 
plates is unsoundness in welding the different piles of which the plate is 
composed. This defect was invariable in all (except the homogeneous iron 
plates) ; it was more apparent in the rolled than in the hammered plates, but 
this was compensated for by the hammered plates being harder and more 
crystalline than those forged under the rolls ; and this led to the conclusion 
that there is but little choice between the two processes if both are properly 
worked out with efficient machinery. 

3 [voL. ni.] 
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(4) That the qualities necessary in an armour plate are softness combined 
with toughness, or better expressed by the word ductility. Apparently the 
purer and better the iron is, the more this quality is perceptible^ any 
impurity or alloy appears to harden the metal, and produce brittleness, 
the presence of either sulphur or phosphorus in the fuel is specially to be 
guarded against as productive of red shortness and cold ^shortness in the 
iron. The presence of more than 0*2 per cent, of carbon in armour plates 
also appears highly prejudicial. 

The opinion of all the witnesses examined appeared to be in favour of 
cold blast iron, to the entire exclusion of that produced by hot blast, 
apparently however not from any objection to the hot blast itself, but 
because by this process iron could be produced from tlie old cinder heaps 
and the inferior ores, and therefore offered a great temptation to some 
manufacturers to use the bad iron cheaply produced by this process instead 
of the better description produced by cold blast. 

The great difficulty which now exists of obtaining a large forging homo- 
geneous, will no doubt in a great measure be overcome when efficient 
machinery is employed ; at present the manufacture of these large plates is 
being carried on (except in very few cases) with machinery never intended 
for forgings of one-half the weight, and few firms are prepared to sink the 
necessary amount of capital in plant " to enable them to turn out sound 
forgings of great weight, unless larger inducements are offered to them. 

Gfovemment would no doubt effect a very considerable saving by becoming 
their own manufacturers, and thus render the government inspectors at the 
different works unnecessary. It would also enable them to obtain a standard 
for sound and good plates. 

The question of the best means of applying the armour to ships is one of 
very great difficulty. It seems at first sight nearly hopeless to attempt to 
produce a structure sufficiently strong to re^sist the modern artillery, and at 
the same time sufficiently buoyant to float; it is indeed doubtful, if a ship 
will ever be built so strong as to be quite invulnerable; but; there is no 
doubt that ships will be constructed which may be said, for all practical 
purposes to be so^, and (what is in reality of far more importance) proof 
against decay. We may therefore look forward to some future time when 
we shall not have the dissatisfaction of seeing £500,000 yearly voted for 
repairs of the fleet, much of which is expended on ships which have never 
been in commission ; to obtain this the fleet must be constructed wholly of 
iron, and experiments are now in progress to ascertain if sufficient strength 
can be obtained without the wood backing. No doubt if the wood is 
dispensed with, the effect of the shot will be considerably less on the armour 
plate itself, but it is yet an undecided question whether the vibration 
produced by the blow of the shot will not break the fasteniiigs and 
start the rivet heads. 

The question of the durability of iron ships when moderately cared for was 
proved by the state of the Peninsular and Oriental sfceam-ship after 

16 yprs constant use, with no other protection to the iron than an occasional 
coating of red lead : the plates of this ship when taken off were found 
to be in perfect order, apparently not having suffered in the smallest degree 


* TMs paper was in tlie Press prior io tlie experiments of 8tli April, with the 300-pr. gun. 
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from tlie effects of the salt water^ the only evidence of wear was in a few 
spots where the plates had been rubbed and worn by mechanical means. 
This vessel shortly after she was built was found to want permanent ballast^ 
and it was thought the best way to meet the difficulty would be to build in 
between the ribs"" for about 15 or 20 ft. on each side of the keel with bricks 
covered with Eoman cement. Several thousand bricks were used for this 
purpose^ and remained where they had been laid until the middle of last 
year, when the liipon was sent into dock to- be lengthened. As these 
bricks had been 16 years without being moved^, it was naturally thought 
that the plates under them might require renewing ; it wns found however 
on examination that the plates thus covered were with the exception of a 
thill coating of rust, as good and as sound as on the day they were made ; the 
only plates"tliat had suffered were those not protected by the covering, and 
even these were not harmed by corrosion, but were worn away by the friction 
of tlie bilge water and pieces of the bricks and cement w^hich were detached 
by the rolling of the ship. 

The great difficulty to contend against in iron ships is their liability to 
foul, — a serious disadvantage where speed is an essential quality. A variety 
of paints and oils have been proposed, but all have failed to prevent the 
collection of barnacles and weeds which always fasten upon a ship if not 
coppered. It was long supposed that copper prevented the accumulation of 
these parasites by means of its poisonous qualities, but it has since been 
proved that its efficacy is clue to oxidation, which as it were mechanically 
detaches the barnacles and weeds ; copper is however inapplicable to iron 
ships owing to the galvanic action that wmuld take place unless the copper 
w^ere perfectly insulated. Several methods have been proposed to effect 
tliis ; the two most practicable have been recommended for trial, as experiment 
alone can determine tlieir relative values; one of these methods, pro- 
posed by Mr John Grantham, is to rivet the ship^s plates below water to 
the inside instead of the outside of the and to fill the intervals 

between them with hard wood; another layer of wood is then bolted 
to this with copper bolts, and the ship coppered in the ordinary manner. 
Objections have been raised on account of the plates of the ship being 
covered with wood, and so preventing any examination of the state of 
the rivets, and it was urged that corrosion might proceed to a dangerous 
extent without being discovered. Mr Grantham meets these objections by 
covering the ship^s bottom with a very thick coating of bitumen and tar 
before fixing the first layer of wood, the joints of which are then carefully 
caulked, and the same process repeated after the second layer of plank is 
fixed; by these means he proposes to exclude any dangerous amount of 
moisture, and to make the exterior lining nearly if not perfectly vrater-tight ; 
any moisture which miglit reach the plates under these circumstances would 
produce slight corrosion, but this would act rather as a preservative to the 
iron than otherwise. 

The wood lining was also objected to from its liability to decay, but as 
the wmod would certainly last as long as the copper, this objection can 
hardly be considered valid, as it would take but very little extra expense to 
renew the wood at the same time as the copper. Two vessels were built at 
Liverpool, and coppered on this plan 10 years ago; both appear to have 
been unfortunate, one was abandoned on the sand heads of the Hooghly, 
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and remained there several weeks, but was at last got off very little injured, 
owing to the protection afforded by the wood and copper, and is now 
said to be all right; the other was wrecked in the Java seas in 1859, 
but up to that time seems to have given the utmost satisfaction, so much 
so that the owner has expressed his intention never to have iron ships built 
in any other manner. A model of this plan, full size, may be seen at the 
Eoyal United Service Institution, WhitehalL 

The other method of coppering ships is^ proposed by Mr Daft, who 
insulates the copper sheathing by a layer of india-rubber, the copper being 
fastened by small ebonite pins. A great objection to this plan is the 
necessity for perforating the plates to receive these small pins ; the holes, 
although small, must weaken the bottom of the ship, — a grave objection in 
iron ships whose weak point is their liability to break up if they ground. 
Both these methods have been recommended for trial on a small scale, 
to determine their relative values; the absolute necessity however for 
some remedy for fouling may be gathered from an opinion expressed 
by Mr Watson, the managing director of the Holyhead mail packets : — 
^^In one month after being cleaned they (the mail packets) lost speed, 
and in two months the loss amounted to from 10 to 15 minutes in 
the run, or about one mile an hour ; this is caused by the weeds which 
collect on the ship^s bottom/^ It may easily be imagined; if such a loss of 
speed is occasioned by fouling in vessels constantly in use between Holyhead 
and Kingston, what amount of speed would be lost by a ship lying at anchor 
for several months, in some port in the tropics as a guard ship. 


’Report of a% Bxperiment carried on at ShioelurynesSj on the WiMay^ 1861, 
ly the Special Committee orb Iron. 

MASONEY EEOTECTED BY lEON. 

The object of the experiment was to ascertain what protection would be 
afforded to masonry by iron plates, 2, 8, and 3^ inches in thickness. 

The experiment was commenced by firing a 12-pr. Armstrong cast-iron 
solid shot at a range of 600 yards. The projectile did not penetrate any of 
the plates nor cause any damage to the brickwork. 

The 25-pr. land service Armstrong gun was next used, with cast-iron 
solid shot, at the same range. The projectile from the gun penetrated the 
2-inch plates, but caused httle damage to the other plates, and none to the 
masonry behind. 

The 40-pr. Armstrong was next used, with cast-iron solid shot. The 
projectile penetrated all the plates, with the exception of the 8|-inch plate, 
on which it had hardly any effect at aU ; even when it penetrated the plates 
it did but very little damage to the masonry behind, 

^ A 68-pr. 95 cwt gun was next used, with a charge of 16 lbs. and cast 
iron solid shot, at a range of 600 yards. The shot penetrated all the plates 
and damaged them a great deal; still the plates were not displaced, neither 
were the bolts started; it was remarkable that the bolts stood exceedingly 
weh and prevented the plates buckling; the bolt holes were evidently a cause 
of weakness, as cracks almost inv^iriably commenced there. 
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Tlie number of shot of different rounds fired at these plates is as follows: — 

lS-pr..Amstroag. 5 

25-pr. „ 16 

, . 40-pr., „ 11 

08-pr. „ 10 

Totai 42 

Bat the plates are stiE firm and in good order: and the wall is in as complete 
a state for defensive purposes as before the firing commenced. 


May 16411. 

The experiment was continued with a 100-pr. Armstrong gun, firing for 
the first 10 rounds shell filled with sand: weight empty 954 ^bs., full 104 lbs.; 
charge 12 lbs.; then 4 rounds solid cast-iron shot from 68-pr. 95 cwt., with 
a charge of 16 lbs.; then 21 rounds, alternately S-inch shell and 100-pr. 
Armstrong shell. With the 8-inch shell Pittman'^s naval fuze was used ; with 
the Armstrong sheH, the Pillar fuze. Every shell burst on striking, l^nge, 
400 yards. 

The 100-pr. shell filled with sand penetrated all the plates, except the 
3 1 -inch. The first shell that struck this plate did apparently no damage at 
all ; it broke up, making a small indent on the plate ; another, however, on 
striking near the same place, broke half the plate away and exposed the 
masonry. 

After 10 rounds of 100-pr. blind shell and 4 rounds solid 68-pr. shot 
had been fired the plates were so damaged that live shell were used. * 

The live shell did very little damage when they struck the iron plate, not 
nearly as much as the blind shell, owing probably to its bursting before the 
whole of its force was expended on the plate; but when the live sheE struck 
where the masonry was exposed they caused great damage, and soon brought 
the wall and surrounding masonry to such a state that a few more sheE 
would entirely have destroyed it and the casemate next to it. 

This experiment shews that masonry covered with 2-iiich iron plates wiE 
effectually resist a 12-pr. Armstrong shot at 600 yards. 

Covered with 24 *-inch plates, it wiE effectually resist a 25-pr. Armstrong 
shot, at 600 yards. 

Covered with 3-inch plates, it wiE effectually resist a 40-pr. Armstrong 
shot, at 600 yards. 

But the 34-inch plates are not sufficient to resist the heavier nature of 
projectEes. 


The iron plates were manufactured of rolled iron by Messrs Brown Hughes^ 
and Co., Newport. 

Each plate was secured to the masonry by six 2-inch bolts which passed 
through the plate and were secured by double nuts to railway bars buried 
verticaEy 4 feet in the masonry ; the top of these bars were again secured 
by bolts to the rear of the work# ^ 
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Pro- 






Elfeets. 

o 

1 

5 

*0 

I 

iectile. 





tP, 



1 

sw 

O 

S 

6 

Weight. 

i 

Sr 

Charge in lbs 

Elevation. 

'4 

a 

bo 

i 

Deflection. 

Initial Yeloeit 

Depth of Indent 
in inches. 

1 . 

•T3 CO 

>91 

=s.g 

1'^ 

Bursting charg 
Shell in lbs 




lb.02 



0 / 


/ 


i 



12.pr 

1 


11*9 



1 4 

600 

4R 

... 


... 

:■ n ' 

2 

... 

... 

... 


1 2 

... 

2B 


i 

... 


n 

3 





1 0 


2L 





4 


... 



1 0 

... 

2L 


i 


- 

)) 

6 

... 



... 

0 57 

... 

2B 


i 

... 

... 

25-pr 

6 

... 

2ihr 


3fh- 

0 66 


2E 


i 

... 

... 

jj 

7 

... 

«»* 


... 

1 0 


4B 


... 

... 

... 

9> 

8 

... 

... 



0 68 

... 

.6B 

... 



... 


9 





0 56 


8B 


i 



« 

10 


'■ ■ 


... 

0 57 


8B 

... 

i 

... 

w 

W 

A1 





0 57 


8E 


ii 

... 

• •• 

40-pr 

12 


40 

... 


0 68 


4B 

... 


... 


jj 

13 


... 

... 


0.58 

... 

4E 


6 

... 

... 

?9 

14 


... 



0 58 


4E 


... 

... 


25-pr 

15 


2Mk 



0 67 


8E 






16 

... 




0 67 


8E 




... 

» 

17 

... 

... 

... 

... 

0 67 


SB 




... 


18 


... 

... 

... 

... 

... 

- 

... 


... 

... 


19 

... 

»•* 



... 




n 




20 


... 


... 

... 

... 

... 


2f^ 

... 

... 

JJ 

21 

... 

... 


... 

... 

... 


... 

2 

... 

... 

93 

22 

1 ... 

... 

... 

... 

... 

... 



3 



99 

2S 


24H- 



0 58 

600 

8B 





99 

2^ 


... 


... 

... 

... 


... 

H 

... 

... 

40-pr 

2£ 


40 


6 

0 68 


4E 





99 

2€ 

!... 

... 

... 

... 

... 

... 


... 

f 

!!! 1 

... 

>9 

21 


... 

... 

... 

1 0 


4B 

... 

... 

... : 

... 

99 

28 





1 0 


m 





99 

28 


... ■ 

... 

... 

1 3 


4B 





99 

3C 

> ... 


... 


1 6 


4B 




*** 

99 

31 


... 



X 5 

... 

4B 





1 

32 


... 

::: 

... 

1 6 


. 



i-v'' 



Eemarka. 


Hit riglit-kancl comer of masonry ,* buried itself in tie ' 
brickwork. i 

Hit contro of 2|»m plate,* very slight indent; no cracks;; 

shot broke. ’I 

Missed. 1 

Hit left-hand top corner of 3-in. plate just over t 
bolt; one very small crack from bolthole; in' 
very small ; plate not hui't. j 

Hit centre of 3-in. plate ; very small indent; plate not! 
damaged. 

Short and ricochet. Hit 3-inch plate to left of M.| 
centre bolt, halt* on plate, half on masonry; bolti 
slightly drawn out; plate bent a little but no dama^j 
done. ^ I 

Short and ricochet. Hit 2-in. plate with side of shot,! 

just leaving thu mark of its shape on the plate. * 

Struck on tlic edge of the 3-in. plate near right centre! 
bolt; made a circular crack through bolthole; 
meter of the cracked part 7 inches. i 

Hit close to IMo. 8 ; very small indent; no cracks. | 
Hit 3.k-in. jdate near the centre; no damage to plafe! 
|Hit 4"in. from top of lower 2| -iii. plate; no damage dm| 
Hit at the join of the 3 -in. plates ; the left bolt sligMj! 

drawn, and the plate bent ^r-in., hut not damapd i 
|Hit left top corner of the lower 2-in. plate; broke 
plate ; a piece 8 in. by S-in, ebiven 6-ia. into ma* 
sonry; the bolts were not drawn, nor the p%! 
shaken or cracked. 

Hit at junction of 2-in. and 2|-in. plates; a piece B-ki 
by 7-in. nearly broken out, driven 4-m. to niasoiny;; 
the edge of 2|-in. plate slightly bulged. | 

Hit centre of 3|-in. plate j no damage. | 

Hit centre of 2-|-m, plate ; no damage done. ; 

Hit near centre of 3^-in. plate ; no damage. i 

Hit at junction of 2|-in. and 3|“m. plates; 2|-plat«| 

driven in :|-in. i 

Hit centre of 2|-in. plate ; no damage done. I 
Hit lower 2-in., plate; made a large circular crack rouri 
the indent. 

Hit lower 2-in. plate near bolt hole ; two large crae^; 

one on each side of bolt hole, extending from itB-k 
Large crack passing through the bolt hole near the m*: 
dent and extending round it in diameter 12-m., phte 
much bent; the bolt hole evidently weakened theplate.: 
Hit top of granite. 

Hit 2|-in. plate 4-in. from the edge ; the plate madi 
' cracked within, and round the indent, in area8bylO*]n.i' 
Miss, short, and ricochet on to bottom of plate. | 
Hit lower left plate (2|-i,n). near left centre boltjhulgea; 

the plate into masonry in area 6-in. by 
, cracks from the bolt-hole. 
jHit close to ISTo. 26 at bottom of 3-in. plate, 2-in. fro® 
a bolt; drove a piece 12-m by 6-in. into themasossi 
4-in, deep. 

Struck 300 yds. short and over target. 

Miss short. 

Hit lower Si-in. plate ; damage very slight. 

' do do do 

do do do 
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Eemarks. 


ar M ..:: 68 ...16 500 


361 


II! '! 

pr I sliell lCtt ... 1240400 7'E. ... 


2 ... ... ... ... 48 ... lO'E ., 


... 


, U ... ... ......... ... ... .. 


6! ... ... ... ...I... ... ... ...| 


6 ... ... ... ... .. ... 9'E ... 


7 ... ... 1 ...!...!...!... ... 


. 8 ... ... ... ... ... ... ... ... 


, 9 ... 


4 ... ... Struck 300yds. short; Mt top of 2-m. jplate over top 

right-hand bolt; diameter of indent 9-in. j the eo.nier 
of the plate buckled up masonry started and 

cracked a little. 

8 7 by ... Hit at junction of S-in. and 3-in. plates; depth of ia- 

11 dent 8- in. ; area 7 -in. by 1 1 -in.; started masonry ^-in. 
and cracked the granite block on the top ; a crack 
from the bolt hole of 3-m. plate. 

... Missed the target and hit Thorneycroft’s embrasure 

close to its left edge, on the fh‘th bar from top ; broke 
the bar and drove it 5-in. into the opening of the 
I embrasure. 

: 5| 20by ... Hit 2|-in. plate, crack extending from a bolt hole ; a 

I I 9 piece of the plate 20-in. by 9-m. driven into the 

I masonry which was much shaken, 

I 6 12by ... Hit at junction of 2|-in* and 2-m. plates which sepa- 
: I 12*" rated f-in. 

7 llOfoy ... Hit top of lower 3|-m. plate; crack through left upper 

10 bolt hole; it struck over No. 11. 

... j Hit top of stonework. 

I 6 12by ... Hit at the junction of the two 3|-m. plates ; the plates 

12 separated f-inch, crack extending from bolt hole to 
No. 32 shot bole; the bolts not a bit started. 

... Hit comer of the granite and brought down a large 

piece. 

... Ilby ... Hit lower edge of 2-m. plate j shot broke up and re- 

13 mained in the hole 5-m. in masonry. 

May 16, 1861. 

Filled Struck bottom corner of 2-in. plate on the top of the 

with holt, broke away a piece 15 in. by 9 in., and drove it 
si lbs. broken up with the pieces of the shell 2 ft. into 
of sand masonry; struck over No. 42. 

do Struck at the joint of 2-|-in. plates, broke away an 

irregular hole 14 m, by 11 in., and forced the pieces 
with the shell 1 ft. into masonry ; lower bolt very 
much damaged and bolt bent. 

do Hit junction of 2-in, plates ; shell broke up and driven 

into the masonry about 15 in. deep ; broke away 
the left corner of lower 2|-m. plate near last round ; 
broke ofT 5 in. of the bolt where hit. 

do Struck joint of 3-m. plates ; hole 9 in. by 12 in. ; drove 

piece’s with pieces of shell 10 in, into masonry ; plate 
not cracked, very slightly bent ;’'the plates* slightly 
separated. 

do Struck 2-|-m. plate near left edge over No. 24, broke 

away a piece 2 ft. by 9 in., and drove it in pieces 
with pieces of shell 1ft. into masonry; plate much 
bent, no cracks. 

do Hit joint of 3|-in. plates over the 68-pr. No, 38; two 

large cracks extending through holt holes in a cir- 
cular direction right across, the plate: another 
circular crack on lower plate through the port hole ; 
did not penetrate. 

do Hit centre of lower 3^-m. plate, started a holt 1 in. ; 

plate very, slightly bent ; depth of indent very small 
mdeed ; plate not damaged at all ; a great deal of 
masoniy shaken down from top. 

do Hit near the same place ; plate a very little buckled 

and cracked across j the bolts stood well, the plate 
,, being forced back on them; the crack passed 

through a bol|i hole. 

do Hit centre 3-m. plate ; depth Si-in. ; large circular 

crack immd indent: diameter of crack 14 m. 
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13 


14 


(lOO-pr 

68 -pr 
jlOO-pr 

8-pr • 
lOO-pr 

68 -p? 

|100-pr 
68 -pr 


15!sheU' 


;100.pr2a 

68-pr24 
100 -pr 


104s 


18 


10 


3-pf 

100 -pr 


68 

:S 

i6;f 

‘4001 

I ] 

... 

ilo57 

- 

... 

68 


16|F 

400; 

... 

1557 



68 

! n 

16 r 

4oo: 

1 1 

... 

1557 

1 ■ 



49ii 

104 

m\ 

104 

49|| 

104 

49|| 

ll04' 

4^|| 

il04 

4^11 

104 


Sci 


12 


Sc 


Sc 


Sc 


:Scl6 


12 


;Scl6 


12 


18 


48' 


48- 


400 


1400 


400 

400 


400 


400 


12 


16 


,12 


68 

-pr 

28 


m 

Sc 

16 

r 

400 


1746 

100 

-pr 

29 

>? 

104 

A 

12 

48^ 

400 

9'E 

... 

68 

-pr 

30 

s» 

m 

Sc 

16 

¥ 

400 

9'E 

1746 

100 

-pr 

31 


104 

A 

12 

48' 

4)00 

.... 


-pr 

32 

>» 

49| 

Sc! 

16 

¥' 

400 

... 

1746 

100- 

-pr 

83 

ft 

104 

A 

12 

48' 

400 

m 

... 

68 

-pr 

34 

» 

49| 

Sj 

16 

¥ 

400 

j 

1746 

10D> 

-pr 

35 

tf 

104 

a! 

12 

48' 

400 

9'E 



48' 




400 

400 


8'B 


8'E 


9'E 


9oa 


A} 


.ig . 

01 '03 : 

■ *0 Wo i 

rS.'S-S' 

!'f-S;g.Si 

p -53 


1746 


1746 


1746 


i'i.g 

'•p 

gOCi, 


Eemarks, 


rlHit on the exposed part of masoiOT, on the place 
1 where the piece of plate fell oflu Penetration 2| ft. 
tj to shot; masonry much broken ; shot not broken. 
Hit just at edge of hole made hy Ho. 5 ; shot broke 
up, increased the hole by a circle 9in. in diameter. 
Hit 3i-in. plate at ed^e of hole made by Ho. 5, in- 
creasing hole by a circular hole 9 in. in diameter ; 
plates much separated; brickwork powdered to a 
I depth of 14 in. ; bolts near a little bent. 

Hit Thorneycroft embrasure; depth of indent l|in., ; 
no damage done; diameterof indent Oin.; no cracks 
at all visible. 

Hit near Ho. 3 ; passed through the plate, and burst 
behind the plate, breaking away a large piece, 
making 3 and 2 into one hole; masonry much 
damaged behind. 

li 1 Shell struck near top of 3|-in. plate, broke away a 
piece 9 in. in diameter. 

8^ [Hit at junction of 2*in, and 2|-in. plates between 
Hos. 2 and 3, and near Ho. 15 ; damaged the 
masonry very much ; the effect on the plate could 
not be seen, as it was so damaged by previous shot. 
1| [struck where the 3|-in. plate washroken away ; broke 
off one bolt, and crumbled away the brickwork to a 
depth of 3 ft. 

8| [Hit lower Sin. plate about the middle; blew away 
half the plate, starting and bending all the bolts 
near, and undermining the whole centre of the plates. 
1| jHit at top of 2|-in.*plate ; broke away a large piece, 
undermined the plate. 

^ . , , . , 8| wit in the hole made by the destruction of the tipper 

part of 2|-m. and 3^-in. lower plates; increased the depth of the hole in the masonry ; 
the plates were so damaged round here that the effect could not be ascertained. 

t\r\ * lirt'.iol I 1 11 ITTii. t_ i.7- - — . 1 


1400, 


400 9^E 


I400j ... 
1400 9^E 


400, 


17461 


1748 


1746 


wmo 9'E 


Hit nearly in the same place as last, increasing the 
' breach in the masonry to a depth of 4 ft. ; broke and 
bent the bolts all around. 

[Hit nearly in the same place as the former shot ; the 
plates and masonry were so damaged that the effects 
cannot be recorded, i 

Hit left lower comer of upper 3-in. plate, bulged in | 
I the piece 2| in. ; plate started forward in. ; 

[Hit centre of target ; broke away a piece of plate 2 ft. 
square with a bolt 4 ft. long attached to it ; increased 
the hole in brickwork. 

[Hit the granite to the left ; split the granite block but 
did little other damage. 

Hit S-in. plate, upper, near the centre ; broke away 


the lower half, leaving the piece supported by one bolt ; broke away and started 


Hit the same place as last shot ; increased the hole ; 
cracked the masonry behind. 

[Hit centre of 2-in. plate ; knocked the whole iron face 
to pieces ; the few pieces of plates remaining were 
merely hanging by the holts ; the railway bars and 
masonry behind them perfectly secure. 

Hit the left on the granite; did not do much damage. 

Hit bottom of 2-in. plate; passed through it and 1ft. 
8 in., into the masonry. 

Hit at the bottom among the debris of the masonry 
and did not much increase the damage. 

Hit near centre of target; broke away some more 
masonry. 

Short 20yds; hit 3-in, lower plate; broke away a 
piece 0 m. by 11 in. 

|Hit against the railway bars, broke one of them, and 


j much shaken and ewked Wind; the arch of embrasure cracked nearly across in two placed; 
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THOBSTEYCSOFT’S EIGHT AHD TEH-ISCH IEOH BAES. 

June 8, 1861. 

The 1st target was formed of Thomeycroft bars, sectiredby dovetails to 
the iron uprights; thedovetaOs were rolled on the back of the 1st, 8th, 12th, 
19th, and 21st bars. The bars were 10-in. by 4-in., and 12 ft. long; the 
iron uprights were 2| ft. apart. 

The 2nd target was formed of similar bars, 8-in. by 3|-in., supported in a 
similar manner with iron uprights, the end ones being supported by masonry. 


The Thormycroft Independent Shield, Bars 10 in. ly 4 in. 


■g' 

& 

O ' o 

jrS ew sS 

"S 

o 

BQ„ 

o 

S5JD 

hi 

O 

*S O 

'Si 

*0* 

i 

o 

be 

« 

Elevation. 

Reflection. 

Bemarks. 

2 

68-pr. 

95 cwt. 

16 

66-1 

cast-iron 
round sliot. 

400 

r 


Hit the right face just at the mouth of the embrasure 
on the 4th bar above the sill j made an indent 7-in. 
in diameter. Three of the bars driven back 3-in,, 
two more bars 2-in. The tongue of the bars where 
struck sheared off. 

3 






... 


Passed through the embrasure. 



... 



... 

... 

... 

Struck the low^er bar on its lower edge ; scooped out a 
hemispherical piece 2|-in. in depth, 7-m. in diameter; 
tore away some of the wooden foundation. 

5 

... 


... 

... 

... 

... 

... 

Struck 20-m. to the left of the last round. Exactly 
the same effect. 

6 








Hit the left top of the target on the 7th and 8th bar 
from the top; diameter of indent 9^-m., depth If-in. 
The back of the 8th bar which, owing to the dove- 
tail on the back was 12^-in. in thickness, was cracked 
The bars did not appear to be displaced. 

7 

««* 





... 

... 

Through the embrasure. 

8 

... : 


... 


... 

... 

... 

To the right and 13-in. from the mouth of the embra- 
sure on the 13th and 14th bars; diameter of indent 
9-m,, depth l*64-m. 

9 

100-pr. 

14 

110 

cast-iron 

400 

30' 

6'E 

Through the embrasure. 

10 

Armstrong 



solid shot, 
hemisphe- 
rical head. 


38' 


Hit the foot of the second upright below the bars ; 
broke away 3| ft. of the bar, tore away the part that 
formed the dovetail between 19th. and 21st bars, and 
drove the top of the target 6-in. forward. 

11 

... 



... 


46' 


Struck the 5th bar from the top ; diameter of indent 
8i-in., depth 1‘68-in.; cracked the bar. 

12 

1 








Hit the 10th bar from the top ; opened a crack right 
through the bar one inch wide. The left upright 
was cracked right through at the second dovetail 
from the top. The tongue of the bar where struck 
was sheared off for several inches. Indent 2*12-in. 

13 

ISO-pr. 

j'SlittlltgTOj, 

! muzzle 

1 loader. 

! 

[■;v' ■■■■■". 

18' 

126 I 

1 

cast-iron 
solid shot, 
hemisphe- , 
rical head. 

i 

400 

1 

I 

33' 

! 


Hit the 3rd bar from the top ; broke away 2 ft. 9-in. 
of the bar, and drove it ten yards to the rear of the 
target; opened the three top bars l-|-in. each, stripped 
off the top part of the first dovetail on the second 
upright; opened the crack on the first upright 2^-m 
wide. Indent 2*20 in. 

The target fell on its face. 


The Tfmm^eroft Umhrasure, mpported hy Masonry, The bars were 8 in. % Sf m. 

1 

08‘pr. 

16 

60i 

cast solid 

400 



Hit on the 3rd and 4th bar below the sill of the em- 
brasure ; drove a piece 7^ by 4^: by 2^-in. from the 
back of the 3rd bar ; diameter of indent on the face 
9-m., depth 2-m. 

2 

... 

... 


... 

... 

... 

... 

Hit on the left of the embrasure on 17th, 18th, and 19th 
bars; made an indent 9-in. in diameter, l|-in deep, 
and cracked the bar. 

3 






... 


Hit almost exactly on the same spot as Ho. 2, made a 
craek across all thiee of the bars 2|-in. wide, the bars 
„ were driven S|4n. into the mouth of the emhiwm»w . 
The masonry was much shaken. 

4> 

lOO-pr. 

14 

110 

cast solid 

400 

46' 

8'B 

Hit just over one of the iron upright supports, vrMch 
it drove away, tearing away the ^ots made to re*^ 
eelve the dovetails on the haci: of the bars* aai 
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"O 

I 

o 

'S 

6 

Jz; 

Nature of 
Ordnanco. 

Charge, lbs. { 

as 

’o y 

1 

■ is ■ S; 

m 

rrj 

f>S. 

W 

1 

Elevation, 

Deflection. 

Eemarks* 

5 

6 

! 

1 

7 

120.pr. 

18 

126 

cast solid 

400 

46' 

6'E 

Drove a piece of the bar, 80 lbs. in weight, thirty yards 
to the rear of the target ; hit just below on the next 
bar to No. 4; opened a crack S-in. wide through 
both bars ; drove the ends of the bars 6^-in. across 
the mouth of embrasure ; knocked down the four 
top bars and cracked the masotiry. Indent 3*l-in. 

Hit the bar which formed the top of the mouth of the 
embrasure at its extreme end, just over the wood 
backing, which it crushed in, made a small indent, 
and brought down six more bars. The^ target was 
now so destroyed that the firing was discontinued, 
and the 120-pr. shunt gun was laid on the old 10-in. 
Thorneycroft embrasure. Indent 2*C)0-in. 

Hit to the right and below the mouth of the embrasur e; 
cracked three bars through in five places, opened 
the bars l^-in.; the bars were much bulged and 
distorted in rear. Indent 3*3-ui. 


The experiments continued against the Independent Shield of Thorneycroft 
bars, 10-in. by 4-in., and against the Embrasure formed of Thorneycroft bars, 
8-in. by 3f-in., were resumed 13th June, 1861. Range, 400 yds., cast-iron 
solid shot. 


JSoih fhe "bars were semred by strong iron braces, and strongly su^orted bp timber beams, 
bnt no baching was used* 


No.ofEound. 

'S8 
g I 

II 

iZi<S 

i Charge in lbs. 

ta 

II 

1 

o 

s 

1 

"a 

(U 

ca 

o 

p 

Eemarks 

X 

100-pr 

14 

110 

47' 

3'E 

Hit the top bar of the mouth of the embrasure, and passed 
through, scooping out a very small piece. 

Breech-loading shunt gun. — Hit on the 7t}i and 8th bars ; 

depth of the indent 1*65 in., diameter of indent O-^-in. 

; The bar slightly bent behind : the tongue of the 6th bar 
i sheared. The bars were separated ^-in. in rear 

2 

120-pr 

14 

1251 

40' 

2'L 

8 

120-pr 

18 ' 

126i 

30' 

5'e' 

The muzzle-loading shunt gun.-~Hit on the 18th and 19th 
bars ; depth of indent l*9-m. No crack or bulge in rear ; 
the bars did not separate ; the upper dovetail on the left 
upright started l-ni* 

4 

lOO-pr 

14 

110| 

47' 

S'E 

•Hit on the 18th and 19th bars; depth of indent 1‘3-in. 
No bulge behind, damage being slight indeed in rear. 

B 

120.pr, 
breech- 
loading 
shunt gun 

14 

126| 

42' 

2'L 

Hit on the lOtb bar ; opened a crack 1-in. wide, broke off 
IS-in.of the bar and drove the bar 3-in. to the rear; sheared 
off the tongue. Struck over the 3rd upright from the 
left'; knocked it off, tearing off the dovetails, broke the 
upright into two pieces ; opened the bars, bulged them 
3-m. to the rear, cracked the 13th bar lengthways. 

6 

120-pr. 

18 

125^ 

32 

5'E 

Struck over the left brace which was l|-in. in thickness: 
cut it in two ; started the dovetail at the back of the 
left upright to l:|-ia.; broke the upright ; cracked the bar 
across the back. 


100-pr 


The Embramre formed of Bars %in, hy 


14 


110 


4r 




Hit on tlie Oth and 7th bars; drove them 2-in. to the rear, 
cracked them through and drove away the two uprights; 
broke one into two pieces j tore away the dovetails from 
each. 
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“gg 

s§ 

|| 

■' . 1250 , 

oS 

■ jQ 

.a 

© 

J 

Q 

Fqq 

J 

: ■§ 

Deflection. 

Eemarks. ■ 

8 

120-pr, 
breech- 
loading 
shunt gun 

14 

1251 

42' 

2' E 

Hit on the right wood support; passed tlirough the 64n. 
of wood, indented the iron l*75-m.; broke the iron up- 
right in rear in two places. 

'9 

120-pr 

14 

125| 

42' 

2' E 

Tore away 4 ft. of four bars ; sheared off the tongues ; made 


100-pr 

14 

,110 , 

47' 

2' E 

a hole 4 ft. by 2| ft. by 14 ft., beside the embrasure, 
drove several pieces to tfae rear. These two shot hit at 
the same time, and struck near together. 

f 

'120-pr 

14'' 

1251 ,.i 

42' 

3' E 

These four guns were fired together, they all struck, 

1 

■120-pr' 

18 

1251 

31' 

3' L 

except the 6S-pr., which passed through the embrasure, 

io-| 

. , 100-pr 

1 68'-pr,, 1 
95"Cwt, j 

.14' 

16 

110 

67 ■ 

47' 

r 

5' S 

■"! 

and the 100-pr., which struck the masonry. 

The 7th and 8th bars cracked through; broke 6th, 8th, 9th 
bars across in two places and bidged them. aU inwards. 
The two shot that struck the embrasure were 6| ft. apart. 


THE «mEEIOE” TAEGET. 

The following Experiment was carried on at Shoeburjmess, on £lstOct.j 
1861, to determine the resisting powers of the Warrior 

A target was constructed exactly similar to a midship section of the 
Warrior length 20 ft., height 10 ft., with a port-hole in the centre. 

This target was strongly supported by timber, at the same angle as the 
side of the ship, and was fired at with the following guns. Eange 200 yds. 

One 120-pr. muzzle-loading sliunt gun. I One 68-pr. 95 cwt. gun. 

Three lOO-pr. breech-loadmg Armstrong guns, j One 68-pr, 112 cwt. gun. 

The following shot and shell struck the target: — 

Erom 120-pr. gun. 

Solid shot ... 2f weight 140 lbs. each. 

Erom 100-pr. guns. 

Solid shot 6, weight 110 lbs. each, j Solid shot ... 6, weight 200 lbs, each. 

Shell. 6, „ 104 „ I Solid shot... 1 , „ steel 


Erom 68-pr. guns, 

SoHdshot 4, weight 664 lbs. each. I Shells ......... 4, weight 49|lb8. each. 


1 

o 

'o 

6 

i 

1 § 

■§1 

^6 

m 

© 

be 

O 

Nature 

of 

Projectile- 

Weight. 

Indent in 
Inches. 

■ ■ ■ Eemaxks* 

1 

100-pr 

12 

shell filled 
with sand. 

104 

... 

Hit on upper plate; made very slight indent; opened the 
plates 4 m. 

2 



»# 


...7 

Hit close together on the centre left plate ; made a small 

3 

„ 

9^' ■ 




crack 6 in, in length. 

4 

68-pr 

18 

3>J» 

494 

1-5 

Hit on upper plate, 7 in. from the edge ; opened the plates 
4 in., and started two bolts very slightly. 

s' 

w 

» 

»> 

.' :w 

J* 

Hit centre of left middle plate 34 ft. from port, 7 in. fipom 
[ a bolt, which it drew a | in. ; broke the two boh® close to 

1 the port, and buckled the plate fin. 

6 

i 

100-pr 

12 

sheU fined 
with powder 

104 

... 

Hit on Junction of lower and centre plate ; did no damage. 

7 

s 

»» 

t> 


... 

Hit upper plate ; did no damage. 


9 > 

»» 

. 9 » 



Hit centre plate ; did no damage. 
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of Itound.l 

'a o 
o 1 

2 ' 

o 

be 

3 

o 

, cb 

§ 3 

Weight, lbs. 

Indent in 
Inches. 

Bemarks. 

9 

68 -pr 

16 

shell filled 

49| 

1*8 

Hit on upper plate over hTo. 1 ; tore up 4 ft. of tongue and 




with, powder 



OTOove, and cracked the plate in two places 5 cracks 7 in. 







bng; drew the bolt fin. 

10 




33 


Hit on centre plate; cracked it in four places near; the 







cracks very small. 

11 

120 -p 2 r 

20 

solid cast- 

140 

3*1 

Hit on right-hand corner of the top plate j plate deflected 




iron shot. 



If in.; the bolt, however, only stretched, and did not 

12 

lOO-pr 

14 


110 

1 * 6 *) 

break. The right rib very slightly bent. 

Hit close together; made a small crack across one indent, 

13 




33 

1*9 y 

the plate driven back on a bolt lin. The plate now 

14 





1*3) 

deflects nearly 2 in. 

lo 

68 -pr 

16 


664 

2*7 

Hit 18 in. from the three 100-prs.; one crack Tin. long 







near the indent ; two bolts broken near the port-hole. 







The centre right plate deflected 1*2 in. 

16 

17 

100 -pr 

10 


200 

-I 

Indent too small to be measured ; no damage apparent. 

18 

a 

33 

33 

33 


The three shots hit close together. 

19 


33 



( 

These three shots were fired in salvo. Struck close together 

20 

n 


33 

33 

...i 

on the right centre plate ; the indent on plate very slight 

^1 

}> 

”i 

33 

33 

"i 

indeed. The plate buckled forward fin. more. The 


S3 

\33 

i 33 

33 


tongue and groove broken for 2 |ft. 

22 

' 68 .pr 

16 

solid shot 

664 

2-25 

Hit near the port-hole, and buckled the plate 4 iu* 







r 

Fired in salvo three lOO-prs. Hit close together 2 | ft. 








from the port-hole; broke a hole l^ffe. by 9 in.; one 

23 

120 -pr 

20 

i> 

140 



large crack extended across the plate, two other smaller 

24 

lOO-pr.M 


110 



ones near it. 120 -pr. hit on the junction of the centre 

25 

m' ■ 


! ■■■ ■ ■■ 

33 



and lower plates, made an indent 44 in. deep, 9f in 

26 

M 



33 . 



diameter; broke the tongue and groove, and budded the 

27 

68 -pr 

16 


664 



plate 14 in. forward. One 68-pr. missed the target ; the 

28 




JS. 1 



other struck the lower plate on the left ; made an indent 








2 in. deep 84 in. in diameter. The back of the target 







■ 

was not at aU damaged ; not a bolt or rivet displaced. 

29 

100 -pr 

16 

steel 


3*3 

Hit the middle of the left centre plate on top of a bolt ; 




jacket -shot, 



drove it nearly out at the back; the bolt was bent, but 




fiat headed. 



the nuts did not move ; eleven shots had previously 







struck the plate in a space 3 ft. by 14 ft., viz. 







Three 2001b. solid shot. 







Three 1001b. „ 







Three 100 lb. shells. 







Two 681b, „ 


THE ‘‘COMMITTEE’’ TAEGET. 

Experiment carried on 4th March, 1862, against a Target proposed by the 
Special Committee on Iron, constructed by Messrs Eairbairn and Co. of 
Manchester. 

The target (20x10 ft.) was composed of two plates 20'x3'4"x4J^', and 
two plates of 9' x S'4" x 44", the upper and lower of which were secured by 
fifteen %" bolte, and the two centre by eight 2" bolts each. 

The armour-plates were fastened to 1" plates, which latter formed the skin 
of the ship, which was supported by ribs 18" deep, and 18" apart, made of 
I" plates secured by angle irons 4"x4"x|"j the back of the ribs were 
secured by four strips of plate 12" x 4". 

Strips 10'x9"x I" were behind the skin along each line of holts. 

The armour-plates were rolled by Messrs John Brown and Co., Sheffield. 


THE BOTAE AETHiLEBY IKSTITUTIO^. 


The object of the experiment was to determine whether wooden backing 
can be dispensed with. The Committee target was therefore constructed, 
with the view of comparison with the Warrior ” target. 

“Committee target,” area 200 square feei; weigM 31 tons. 

“ Warrior target,” area 200 square feet; weight, 33 tons 9 cwt. 3 qrs. 

The guns used were the same as against the Warrior target, viz.: — 


One 130-pr. muzasle-loading sliimt gun. 

Tliree 100-pr. breech-loading Armstrong guns. 


One 68-pr. 95 cwt. gun. 
One 68-pr. 112 cwt. gun. 


Eange, 200 yds. 

The following shot and shell struck the target : — 

From 120-pr. gun. 

Solid shot 1, weight 140 lbs. 

From 100-pr. guns. 

Solid shot 3, weight 110 lbs. each, j Shell 6, weight 104 ibs. each. 

Solid Shot 3, weight 200 lbs. each. 


From 68-pr. guns, 

Solid shot 1, weight 66^ lbs. each. j 


Shell... 4, weight 49|- lbs. each. 



shell filled 104 ... Hit centre plate to the left of port-hole, about 9 in. from 

with sand. bottom of the plate ; verj shght indent. Diameter of 

bulge, Sin. 

„ „ Hit left centre plate 18 in. from bottom and about oft. 

from left ; indent very slight. 

„ „ ... Hit left centre plate about 12 in. from top; slight indent. 

Diameter of bulge, 3 in. 

jj 49| 1*4 Struck left centre plate 17 in. from bottom, and close to 

Ho. 2 round. Diameter of bulge, 8 in. 

„ „ 1-5 Hit left centre plate about 18 in. from bottom, and close to 

the 4th round. Diameter of bulge, 9| in. 

At the conclusion of the 5th round, the target was inspected. 
The left centre plate had buckled | of an inch ; two holts in 
bottom plate, and two in centre plate, and one in top plate, 
started. Eight bolt-heads were broken off ; one rib broken 
through, and two rivets of angle-irons knocked out. Two 
angle-irons broken. The bolts were slackened after this 
round. 

shell filled 104 ... Struck on junction of middle and upper plate, 2ft. 2 in. 

with powder from left edge of target. The middle plate started forward. 

„ „ Struck 2 ft. 6 in, from left edge of target, making an indent 

7 in. in diameter. 

,, „ ... Struck about 6 in. from the top edge of the target, near 

the bolt over port-hole. 

„ 49| 1*14 Struck middle plate on left of port, and 2 ft. from it. 

Diameter of indent, 10 in. Bolt just above indent started. 

,, „ 1*26 Struck oiyunction of middle and upper plate, 16 in. from 

port. Diameter of indent, 9^ in. 

The target was carefully examined after the 10th round, and 
it was found that ail the bolts in the middle plate on the 
left of the target were broken, except the two nearest the 
port. The buckling was 1*7 in. at the left edge of the plate. 
The top plate had also started forward 0-4 in. at edge of 
target. At the back, the inner angle-iron by port on 
left side, and one rib were broken, two rivets Mven out, 
and several stiwted. The skin bulged, Ho cracks visible 
on any of the indents. 



mnuraS ' Of ' Pl^GEEBIHOS Of 


M . 


Il 

l4 


Beiimrks. 


140 

110 

99 

99 


66| 


200 


}} 


>9 


1*9 


1-8 


0-41 


0-5 


0-7 J 


Struck junction of riglat centre plate witk top plate, at 
about 3 ft. lOin. from port. 

Struck the bottom of upper plate, close to Ho. 11 round. 

Struck centre of right centre plate. 

Hit target close to 12 and 13 shots, and went clean through 
the target, carrying a large piece of the _ plate, part of 
the lib (on which the shot struck), and pieces of angle- 
iron 10 or 12 yards to the rear. Xhe fracture measured 
in front of the target 1ft. by Tin. on the middle plate, 
and 6 in. by 3 in. on the upper plate, There was i^o a 
curved crack, 14 in. long, round the edge of the bulge, 
and through a bolt-hole. 

This shot struck within 6 in. (from centre to centre of indent) 
of the 13th round. The middle plate was bent back 
1*6 in. at its lower edge. One bolt was knocked^ out, and 
two started. Middle plate started forward at right edge 
of target 0*65 in., and the upper plate similarly 0*2 in. 
At the back of the target, seven bolt-heads broken and 
one rivet. Two ribs broken through, and several rivets 
of angle-irons started. 

These three shot struck the left middle plate of target in a 
line, measuring only 16 in. from centre to centre of outside 
indents. The shot nearest to the port was 8 in., and the 
one furthest from, lo in. from the lower edge of plate j 
the former was 2 ft. 4 m. from port, and the latter only 
about 4 in. (centre to centre) from Ho. 4 round. 

The plate bent back 1*2 in. at its lower edge, at a point 
2 ft. 9 in. from the port, and had started forward at left 
edge 6 in. fromitoi. 

Another angle-iron broken, and only three bolt-heads 
remaining on left side. 

At the conclusion of this round, the target was considered 
so much injured that the experiment was ordered to cease. 
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EEIIAEES OF, THE SYSTEM 0,E OEB,FAFCE CAECTTLATEI) TO PEOVE' THE' 
MOST EEEICIEFT AGAIFST lEOF CLAB SHIPS AND BATTEEIES., 


By Lieut.-Colonel BOXEE, E.A., F.KS. 

SUPEBIlfTEIffBBlSrT EOXAIi BiJBOEATOEIES, BOYAI. AESEEAI., WOOEWICH. 

Sdfeicient experiments have not yet been made, to determine the pene- 
tration of Eifle projectiles into the different materials employed in the 
construction of ships and land batteries; or, to ascertain the circumstances 
under which the new system of artillery will have advantages over the old in 
respect to penetration. Still we may learn much by a due consideration of 
the general principles which govern the motions of, and effects produced by, 
projectiles whether rifled or otherwise ; and, indeed, enough to shew con- 
clusively that— so far as concerns the effective power of artillery against that 
new mode of construction which must eventually supersede all others, namely, 
the employment of wrought-iron plates to cover ships and permanent land 
batteries. The arrangement carried out in smooth-bore ordnance, m respect 
to the proportional weights of charge mid projectile, will be found superior to 
that adopted with rifle guns. 

It is not necessary to enter into any elaborate investigation of the subject, 
in order to prove what is here advanced ; and the following simple explana- 
tion may perhaps serve to elucidate sufliciently this important problem. 

It may be fairly assumed, that to engage a properly constructed iron-clad 
battery with any reasonable chance of success, the attack must be made at 
very close quarters ; in fact, at a range where, practically, little or no advantage 
would be gained by the use of rifled ordnance in respect to accuracy of fire 
and retardation by the resistance of the atmosphere. It remains, therefore, 
only to be considered, what combined arrangements as regards charge, weight 
of projectile, and diameter of bore, wiU be most effective against the opposing 
^lAA 'imcler these eirctimstances* 

Although no definite limit can, at present, be laid down, either as to the 
weight of the gun, the intensity of strain to be resisted, or the amount of 
recoil, still there must be a limit in relation to al these particulars, which 
it wDuld not be advantageous to exceed. 

Let it be assumed for the sake of argument that, under all the cir- 
cumstances attending the manufacture and service of the gun, the following 
is the maximum that can be allowed : — 

(1) Ten tons for weight of gun. 

(2) Such a strain as would be produced by projecting a sphere of iron 
weighing 150 lbs. with a charge of 50 lbs. of powder, and 

(3) A recoil in the gun equal to that due to the above weights of charge 
and shot. 

The desideratum is, to produce the desired results in the simplest, most 
effectual, and economical manner, with those means which are likely to be 
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generally available; and in comparing one system with another it is 
absolutely necessary that certain conditions should be made common to 
both. For instance^ in considering the smooth-bore and rifle systems^ due 
advantage must be taken, in both cases, of the most approved method of 
manufacturing the guns; also, the weights and recoil of the guns, as well 
as the strain or rather tendency to rupture the material of the guns at the 
discharge must he made equal. .. . ' , . 

Now, — ^will anything be gained under the above conditions by applying, 
in the case in question, the principle followed in all rifle guns (a principle 
upon which their success has been hitherto chiefly owing) of using elon- 
gated shot with a reduction in the charge of powder equivalent to the 
increased strain and recoil due to the additional weight of projectile ? 

Tliis question, and it is a very important one, must be viewed entirely with 
reference to the ‘'"work"' required to be done to penetrate or destroy the 
protecting shield. 

The term work done "" denotes a certain pressure exerted through a 
certain distance. It is measured simply by the product of the pressure and 
the distance tlirough which this pressure acts. The element time does not 
necessarily enter into the expression. 

In the case under consideration, the work done upon the shot at the 
discharge of the gun is measured, 

(1) By the intensity of the pressure of the exploded powder ; 

(2) By the amount of sectional area of shot upon which the pressure acts, 
and 

(3) By the distance through which the pressure acts, namely, the length 
of bore, or nearly so. 

So that in order that the same amount of work " may be done on the 
elongated projectile as on the spherical shot, they must both be fired with 
equal charges. And, speaking generally, provided equal charges are used and 
the conditions as regards diameter of bore, windage, &c. are the same, no 
increase or diminution of ^^work done^^ on the shot will result from any 
variation in the weight of projectile. 

But, by a fundamental principle of mechanics, the work done upon the 
opposing shield and shot on impact, will be equal to the work done on the 
prcpectile by the charge of powder in the gun, (leaving out of account the 
resistance of the air, which may be done when the range is short) ; therefore, 
in order to produce the same effect as regards ^^work^^ upon the opposing 
shield, apart from other considerations which will be noticed hereafter, the 
elongated rifle shot must be fired with the same charge as the spherical 
projectile. 

If the same charge, however, be used with the elongated shot as with the 
spherical, namely, 50 lbs., the recoil of the gun, as well as the strain 
tending to rupture the gun will exceed the limits allowed in the particular 
case before us. For both recoil and strain depend directly on "(ke momentum 
of the shot and not upon the work done to produce that momentum. In 
fact, tiim which affects both recoil and strain does not necessarily enter into 
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tlie expression denoting ^^worh^ namely but is a necessary element in 
that which is a measure of momentum, namely 

For instance, suppose the elongated shot weighs 300 lbs. instead of 150 lbs. 
which is the weight of the spherical projectile. Then, as the average pressure 
on the two shot maybe considered the same, when equal charges are used ; if 
M equal the momentum of the 150 lb. shot, the momentum of the elongated 
shot will be 1*41/, and if t be the time of action of the powder on the 
gun in the former case, 1-4^ will represent the time of action in the latter, 
namely, when the elongated shot is fired ; therefore, in order to bring the 
strain and recoil within the assumed limits, the charge must not exceed 
25 lbs. of powder when a 300 lb. shot is used, and, if the 300 lb. shot be 
discharged with a greater charge than 25 lbs. of powder, the efiects produced 
on the opposing shield by the two projectiles, namely, the 1501b. and the 
3001b., will afford no criterion as to the relative merits of the two systems 
of ordnance in respect to penetration at moderate ranges. 

And if the charge be reduced so as to fulfil the two essential conditions 
as regards recoil and strain, the ^^stored-up work^^ (if the expression may be 
used) in the shot will be diminished in a corresponding degree, namely, by 
one-half. 

It is quite clear therefore that so far as ^^work done^'^ on impact is 
concerned any increase in weight above the sphere must be positively 
disadvantageous within certain limits of range, t 


• P— average pressure acting upon themass, £?=distance through wMcli this pressure acts, 
t P=average pressure acting upon the mass, ^=32 or velocity generated by gravity in one 
second, ^—time during which the average pressure acts, 

J In any experimental investigation of the subject, this principle must he duly recognized, or 
the most erroneous conclusions are likely to be drawn from the results of the trials. 

For instance, in the late trials at Shoehuryness against iron-plated targets it would he incorrect 
to measure the relative values of the two systems under consideration — namely, the light shot with 
the large charge, and the heavy shot with the small charge — ^hy the effects produced on the targets ; 
for the following Table will shew that the momentum of the shot, and therefore the strain on the 
guns and recoil were unequal 


Hature, ’ 

Weight of 
projectile. 

Charge. 

Momentum, 

about 

Bemarks. 


Ihs. 

lbs. 



68-pr. iron gun 

67*6 

16 

106,660 


110-pr. Armstrong gun 

110‘0 

14 

133,100 



200* 

10 

161,680 


120-pr. shunt gun 

140’ 

30 

170,240 



However, the results obtained in these trials — although they cannot he taken to measure the 
relative values of the systems — ^practically demonstrated the great advantage in respect to pene- 
traMonat moderate ranges, of the light shot and heavy charge over the heavy shot and light charge j 
for, notwithstanding the comparatively small momentum of the 68-pr. shot, namely 106,(X)0, it had 
nearly, if not quite as much effect on the target as the 140 Ih. shot with a momentum of l^r0,000j 
and although the 200 lb. shot dhtcharged from the llO-pr. with a charge of lOlhs. of powder had a 
momentum cff it ttoty indenW the iron to » oomparidively very small extent,; , , _ , , 

[tol. ni.3 7 
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But independently of what has been stated^ it is a question, whether, even 
if the stored-up work in two shot of the same diameter but of different 
weights be equal, the light shot from its greater velocity, would not be more 
effeklve in penetrating a material such as wrought- iron, than the heavy pro- 
jectile, on account of the work being less distributed over the shield with 
the former than with the latter."^ 

There is however one important consideration which may, perhaps, give 
the system of rifle ordnance an advantage over that of smooth-bore and 
spherical shot even at short ranges. This consideration has reference to the 
form of that part of the projectile wdiich first comes in contact with the 
opposing material and to the particular distribution of the metal of the shot. 
If the object be to pierce through the iron armour with the least expenditure 
of work,^^ it would manifestly appear advantageous to cut rather than break 
through (the reason of this is sufiiciently obvious). Now this can, to a great 
extent, be accomplished with rifle projeetiles by making the head of the shot, 
in the form of a punch, wdiich has been actually done by Mr Whitworth 
with satisfactory results. 

Again, it may be possible so to distribute the material in a rifle projectile 
that it shall have an advantage over the spherical form with respect to the 
work done''’ on impact, on the projectile itself j this is an important point, 
for the w’ork " actually absorbed in the striking body, that is to say, the 
work " equivalent to the permanent injury sustained by it, is lost so far as 
regards the opposing shield. 

Although elongated shot, that is, shot ^eater in weight than the sphere’ 
of the same diameter, have been hitherto universally used with rifle ordnance j 
still, with proper arrangements, in respect 

(1) To the degree of spiral in the bore, 

{%) To the material used in the manufacture of the projectiles ; 

(S) To the proportional weights of charge and shot, combined with the 
sectional area acted upon by the exploded charge; 

(4) To the form of the front part of the shot ; and lastly, to the particular 
distribution of the material in the shot, — the rifle system may have advant- 
ages over smooth-bore ordnance as regards penetration, even at short ranges. 


* In considering tlie effect of projectiles upon a material like wrought-iron, whieli offers so mucli 

greater resistance to penetration than an ordinarj material as earth or masonry, we must bear in 
mind that, although, two projectiles of different weights will have equal effects on the target in 
respect to the product of the resistance overcome, into the distance through which the resistance 
acts on the impinging bodies, if there he the same amount of ** stored-up work in each j still there 
may he more destructive effect produced by the one shot than hy the other, for^Hime” is an important 
element as regards destructive effect, particularly when the material has great elasticity and tenacity. 
In the ease which has been considered, namely, the 160 lb, shot and the 300 lb. shot discharged from the 
same gun with equal charges, and where the stored-up work” is consequently the same in each, 
the heavy shot was longer in acquiring the ** stored-up work” than the light shot, in the proportion 
of about 1*4 to 1, and the same resistance being offered when the two projectiles impinge on the 
target, the 300 lb. shot will therefore be a longer time in its action upon the target than the 
160 ib. shot I under these circumstances the effect the former will be extended over a larger area 
of the material than that of the latter, and may ihot, in certain cases, produce so much destruction. 
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if SEfficient penetra-tion can be obtained with a spherical shot, no doubt 
it would cause more destruction on board the ship than the projectile which 
punches or cuts its way through, for the same reason that the shot with a 
comparatively small velocity is more effective against a wooden ship, at short 
ranges, than one fired with the full service charge; and, it is quite clear 
that, if the desired effects can be produced with smooth-bore ordnance 
under those circumstances, which it is reasonable to expect will arise in 
actual warfare, it -would be most unwise to adopt the more complicated, 
expensive, and delicate system of rifle guns. 

Circumstances, however, may often arise under which the arrangements 
shewn to be defective when applied to a particular service, -v^ill produce better 
results as regards penetration, than those carried out in smooth-bore ord- 
nance, and will prove, in other respects, most valuable, Bor instance, when 
the range exceeds a certain limit, the elongated shot wull, from the com- 
paratively small area acted upon by the opposing atmosphere, lose less of 
its stored-up w^ork than the spherical projectile. 

If, therefore, a system of ordnance could be devised combining the advant- 
ages of both, there could then remain no question as to its general introduc- 
tion, but until this is fully accomplished (as it has been in the case of small 
arms), there will exist great differences of opinion,not as regards its employment 
for special purposes, but as to the desirableness of its general use.* 

"When two systems have to be compared, each of which has, with regard 
to the other, its advantages and defects, it would be unreasonable to expect 
that all should agree in estimating the amount of value to be attached to any 
particular quality, or as to w-hat extent any defect would be likely to operate 
prejudicially. 

Some are so dazzled with the brilliant quality of the rifle gun in respect 
to accuracy of fire at long ranges, that they fail to give due weight to the 
existing defects of the system. 

There are others w’-ho consider that the degree of probability of striking a 
given small object at a long range under certain favourable circumstances is 
not, by any means, the principal test by which the real efficiency of a military 
weapon is to be decided, as perhaps success may depend on an amount of 
care and attention in the service of the gun exceeding that which will, as a 
rule, be bestowed; and that although a gun may be capable of projecting a 
shot truly to a very long range, circumstances may seldom occur where such 
a quality can be made available ; and further, that the great difficulty amount- 
ing almost to an impossibility of judging the distance to tlie required nicety, 
when the range is even moderate, reduces the relative value of this property 
very considerably. 


^ We have at present no gun in the British service sufficientlj powerful to operate effectually 
against a properly constructed iron -clad battery. Under these circumstances there can be, it is 
imagined, but one opinion as to the vital importance of arming, wth all possible dispatch, our shipafr 
and coast batteries with guns capable of penetrating at moderate ranges, iron-clad ships of war. 

Whatever opinions may be entertained, as to the probability of oiir ultimately obtaining a rifle 
gun with an elongated shot which shall be more effective against ships constructed on the new 
principle, than a smooth-bore gun with a spherical projectEe, a considerable time must elapse 
before this point can be decided j and as any delay may prove disastrous, it would indeed, in my 
opinion, be folly not to take immediate advantage of the arrangement which has been shewn, both 
theoreticaEy «d practically, to be the most effident, and -which can be made at once aTaiWte. ^ 


5E MIlSrUTES OF PEOOEEBIHQS 0:P 

If an absolute or definite value referred to some common standard, could 
be attaclied to each of the several qualities which enter as elements into the 
investigation, the subject would be capable of exact demonstration; but as 
this cannot be done, difierences of opinion will exist until the problem is 
practically solved by the experience only to be derived from actual warfare, 
under all the varied circumstances attending it. Still there are points which 
do not reasonably admit of any differences of opinion, for they are based on 
fundamental laws, the truth of which cannot be questioned,— and it has been 
my sole endeavour, in writing these few remarks, to explain in a familiar 
manner, how the subject under discussion, is affected by these principles* 
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ANNUAL EEPOET 

ABSTRACT OP PEOCEEBINOS OP A OElNEEAr. MBETIHO OP^ THE. EOTAi 
AETILLEEY mSTiroTIOIN, HEia OH TUESDAY, .MAY 20, 1862. 


MAJOa-OEKBlAI. SlE E, J. DaCEBS, K.C.B. m ffira Ckaib, 


The Committee of the Boyal Artfflery lastitntioE have the honor to 
■present to .the. Annual General Meeting their Eeport and Abstract of 
Accoimts for the y'ear, .1861-6B. 

, It will be seen by the accompanying Table,, which shews the present state 
of the Tiistitiitioii ' with : respect ' to Members, and the casualties affecting 
increase and decrease/ that daring the past- y. ear there have been added to 
the 'Institution, after allowance made for deaths, withdrawals, and promotions, 
.56 Members, 


, . EAHE, 

April, 1861. 

Since joined. 

Promoted or 
withdrawn. 

Deceased. 

AprE, 1862. 

EPPEOTIVE LIST. 

General and Eegimental Field OiEcers, 
paying annuafly 

£ 

s. 

d. 







1 

6 

0 

139 

+ 

11 

0 

- 5 

145 

Captains.... 

0 

16 

0 

327 

+ 

26 

_ 5 

„ 7 

341 

Liep-tenants 

0 

10 

0 

392 

+ 

60 

— 20 

™ 9 

423 

Quarter-Masters 

0 

10 

0 

6 


0 

0 

0 

5 

Eiding-Masters 

0 

10 

0 

2 


0 

0 

0 

2 

Surgeons-Major 

1 

5 

0 

3 


1 

1 

0 

B 

Surgeons 

0 

16 

0 

7 


0 

— 1 

0 

6 

Assistant-Surgeons 

0 

10 

0 

18 

+ 

6 

- 2 

0 

22 

Veterinary Surgeons 

0 

10 

0 

2 

0 

0 

0 

2 

EETIEED LIST. 










General and Eegimental Field Officers 

1 

5 

0 

U 

+ 

2 

0 

0 

16 

' ■■ .do. . ' do 

0 

16 

0 

1 

4" 

-'1 

0 

0 

2 

do. do 

0 

10 

0 

6 

4. 

2 

0 

0 

8 

do. do 

0 

7 

6 

8 


0 

0 

0 

8 

Captains 

6 

0 

0 

1 I 


0 

: 0 

0 

1 

do. 

0 

16 

0 

! 11 


0 

0 

0 

11 

do 

0 

10 

0 

8 


0 

- ^ 

0 

4 

do. 

0 

5 

0 

6 

4. 

2 

0 

0 

8 

Lieutenants 

0 

10 

0 

1 


0 

1 

0 

0 

Honorary Memlbers 

0 10 

6 

! 951 

+111 

- 34 

— 21 

1007 

1 35 

0 

4 

- 1 

^ 30 


The Committee cannot pass without observation the loss of so many 
Members during the year by death. The number amounts to 21, a far 
[vOL. III.] 8 
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Mglier rate ttan tlie arerage of past years. They refrain from singling 
out any names for special regret^ where doubtless ail are truly mourned by 

many attached comrades and friends, ^ ^ _ 

It is with much satisfaction that the Committee record the addition to 
the list of Members of many of the Officers of the late India Artillery, 
chiefly those serving in this country, but some also among those serving in 
India. It may be well to remind the General Meeting tliat^ shortly after 
the amalgamation between the two services was completed, measures were 
adopted for sending to every Officer of the late Bengal, Madras, and Bombay 
Artilleries a general invitation to become a Member of the Institution, 
Before issuing these invitations, certain preliminary arrangements w^ere 
necessary ; these have been the subject of correspondence, through the 
D.-A.-General, between the Committee and H. E. Highness the General 
Commanding-m-Chief, and Her Majesty^s India Government,^ When the 
correspondence is closed (it is hoped satisfactorily) no time will be lost in 

forwarding to every Artillery Officer on the late India Establishment, a short 
history of the origin, object, and present features of the Institution, together 
with a copy of the Eules, terms of subscription, &c. ; and the Committee are 
sanguine enough to hope that out of that distinguished body of Officers now 
united with us'in one Eegiment, a large proportion will be numbered among 
the future supporters of the Institution. 

Every year marks a steady increase in the number of Members, a fact 
which, while it brings with it a wider field of usefulness, should operate as a 
stimulus to all concerned to endeavour to make the benefits of the Institution 
commensurate with its increasing opportunities. 

A growing desire is manifested for fuller information on all matters 
relating to the Profession, and recent questions of great moment in which, 
as a Eegiment, the members of this Institution are intimately concerned, 
render it imperative upon the Committee to spare no pains to make the 
Professional Papers issuing from the Institution worthy of the Association 
from which they proceed, and valuable to those who receive them. 

In order that this may be done more effectually in the future than hitherto, 
it is hoped that hinderances to the obtaining information, arising from any 
excess of official secrecy, maybe removed; and that the Committee may have 
cause thankfully to acknowledge the spontaneous^ grant by Her Majesty^s 
Government of information on many points, while it is yet fresh, concerning 
which Officers of the Eoyal Artillery might be safely enlightened with advant- 
age to the Public Service.* 

At the same time while legitimately looking for help and encouragement 
to the Government whom they serve — ^which help and encouragement this 
Institution has already in many ways liberaEy received — it is incumbent on 
the better informed Members of the Corps not to be behindhand in impart- 
ing (through the medium of the printed Proceedings^^), much of that 
knowledge for which as a Eegiment they are justly famed, for the benefit of 
their brother Officers. 

The Committee therefore leave this subject in the confident expectation 
that their appeal for written contributions from the Corps at large will not 
be disregarded. 


^ The aboYe remarks haye reference specially to accounts of Experiments, &c. 
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In submitting tbe Annual Statement of Accounts for tbe past year, the 
Committee observe with satisfaction that not only has the income for the 
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year been sufficient to meet the current expenses, but that the amount 
of former bffls owing at the close of the year 1860-61 * has been paid off 

from the same sonrce. 

The following brief abstract will shew clearly the position as regards 
income and expenditure for the past year : 


£ s, d. 

Outlay for the past year (in- 
cluding payment of £464 

8|d?.5 bills due for former 

periods) 12 4 

Outstanding debts of B.A.I. 

(including balance of £11 

Os. 2d. due to Messrs Cox 
and Co.) 162 9 2 

Balance, Cr 81 14 

£ s. d. 

Cashinhand 1st April, 1861 8 17 3 

i Income for the past year 1482 17 9| 

Amount due by Members to 

B.A.I. 66 1 0 

Yalue in hand, printing 
paper, and stock kept for 
sale 127 0 0 

£1684 16 Oi 

£1684 16 0^ 


There is farther a sum due to the Institution from Her Majesty’s Govern- 
ment, for the sale of " Hand Books" amounting to £253.t , Besides this, 
the value of the “ Hand Books ” yet unsold, about 1000, will' in course of 
time realize a similar amount. 

On the whole then, as was anticipated in the Annual Eeport of last year, 
the produce of the “Hand Book," together with a strict economy in 
matters of expenditure, have restored the funds of the Institution to their 
original flourishing condition. 

The state of the General Tund is as follows : — 

£ s. 

Consols and Cash 702 2 10| 

Balance Cr. on the last year’s Abstract (taking 

into account outstanding debts and credits) 81 14 

£783 17 5 


Printing and Pullieation . — ^Tlie following is a list of the "Proceedings'^ 
and other papers printed during the year : — 

Eeport of a Professional visit to the Continent by Artillery Officers. 

Obituary Notice of the late Lieut, -Col. W. M. Leake, E.A,, extracted from the 
President's address at Anniversary Meeting of the G-eographical Society, May 1860. 

The Parallax of the Sextant, and its influence upon observed angles. Py Captain 
Drayson, E.A. 

Import of Ordnance Select Committee, Nos. 1178, 1263, Oct. 37, 1860. Iron 
Embrasures of special construction at Shoeburyness. Communicated by direction 
of the Secretary of State for War. 

On the determination of distances in the field. By Lieut.-CoL H. Clerk, B.A.^ 

Notes on the Early History of Artillery. By the late Col. Cleaveland, E.A. 

Pesultoiy Notes at Takoo. By an Officer of the Siege Train. 

The Eoyal Artillery at Canton. By an Officer of the Eoyal Artillery. 

despatch of Captain Mercer, E.A., commanding the Eoyal Artillery in New 


* £464 2s. 


t Since received. 
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Zealand, (luring operations from IStli to 19tli Maxell, 1861. Communicated bj 
the Deputy-Adjutaiit-General, B.A. 

Eeport of Ordnance Select Committee, Ho. 1404, Jannar^^ 26, 1861. Breach- 
ing experiment with smooth-bored gims against Martello Tower Ho. 49, nearBexhill, 
Sussex. Communicated by direction of the Secretary of State for War. 

Animal Eeport and Abstract of Proceedings of a General Meeting of the Eoyal 
Artilleiy Institution, held on Monday, May 13, 1861 . Col. Dick, E.A. in the Chair. 

Eeport of Ordnance Select Committee, Ho. 1484, March 7, 1861. Mantlets for 
the protection of Artillerymen from an enemy’s riflemen. Communicated by direc- 
tion of .the Secretary of State for War. 

Abstract shewing the Mean Initial Telocities of Tarious Service and Experimental 
Projectiles, determined by Captain Andrew Hoble, E.A., under direction of the 
Ordnance Select Committee, by means of Havez electro-ballistic apparatus. 

Havez electro-ballistic apparatus. Table shewing the relations between the Arcs 
passed through and the corresponding Durations for ^=0^'*3337. By Lient. W^. H. 
Hoble, E.A. 

** On the Influence of Atmospheric Pressure upon some of the Phenomena of 
Combustion.” By Dr. Edward Erankland, E.E.S., extracted from Proceedings, 
Eoyal Society, Yol. XI. p. 137. 

The production of the third edition of the Hand Book for Field Service 
already alluded to, has occupied a considerable portion of the printers’ time, 
and thus in some degree has limited the amount of other matter. But now 
that this important w^ork is completed, the Committee hope (through the 
assistance they have solicited in the commencement of the Report), to keep 
up a constant supply of useful Papers ” on subjects of professional interest 
to the Regiment. 

In consequence of the amalgamation of the Artillery services, the Dis- 
tribution List of the several Brigades and Batteries with their respective 
Stations, together with the Departmental Divisions, now forms a sheet of no 
mean pretension, giving in a convenient form, and in small compass^ infor- 
mation not readily to be obtained elsewhere. The Seniority List, though 
enlarging with a slower growth, is yet increasing from year to year. 

These are now sent monthly, without charge, to every Battery, as well as 
to Brigades, and Departments ; and are obtainable by members, price 3^. per 
annum, including postage.*^ 

Library , — Under this head will be found a list of books purchased and 
presented ,* also of plans, maps, &c. 

Among the latter will be noticed the usually large proportion liberally 
presented by tlie Topographical Branch of the War Department. 

At the recommendation of PLE.H. the General Commanding-in-Chief, 
the Secretary of State for War was pleased to grant that the photographs of 
guns, materiel, and in some cases views taken after experiments, &c., 
executed by the Photographic Department of the War Office, might be 
purchased by the Officers of the J^giment, on application to the Secretary 
of the Institution. 

These photographs are mounted on card, price 1^. or 1^. M, each, according 
to size. Lists of the new ones, as they arrive, are published from time to 
time, for the information of Members. 


^ Poreiga Postage charged addition^. 
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There are also lithographs^ drawn to scale^ of guns^ carriages^ &c. &c.^ 
executed at the Koyal Carriage Department, Rojal Arsenal, which are like- 
wise sold at the Inkitution, price 6<^. each sheet. 

Presentations of Boolcs^ Plans j Maps^ 

View of the Dockyard Buildings, Sebastopol 1 Capt. T. L. Dames, E.A. 
Stereoscopic yiews of the Temple of Apollo, ^ ^ ^ -r^ . 

atBass^ 8 Lt.-CoL J.D. Shakespear, E.A. 

Review of the C*rki*ean wi 1 Col. T. M. Adye, E.A. C.B. 

C Colonel Sir Henry James, &c. &c. 
Geometrical Projection of § of the sphere ... 1 ^ E.E., Topographical Depot, 

( War Department. 

Annual Reports of the Smithsonian Institu- 
tion, WasMngton, 1859-1860 % 


Smithsonian Institution, 
ington, IJ.S. 


Wash- 


Smithsonian Contribution to Knowledge 
Exploration for a Railway Route from the 
Mississippi River to the Pacific Ocean, Yol. 

XII...... 

Geological Reconnoissance of Southern and 

Middle Counties of Arkansas 

Pamphlets on the construction of Iron-clad 

Ships of War 2 

Manual of Artillery Exercises, 1861 1 

Abstract shewing Mean Initial Velocities of 
various service and experimental projectiles 1 
Report on an Hospital at Tein-Tsin for Chinese 1 

Ancient Maps, dating from 1708 7 

British Carboniferous Brachiopoda 1 

Royal United Service Journals, Nos. 19 and 20 1 
Notes on Materiel as at present issued for 

smooth-bored ordnance 1 

Journal of Russian Artillery 1 

Description du Manege Modeme, (Ancient 

Work) 

Map of Montenegro 2 

Sketches of the neighbourhood of Port Monroe, 

Norfolk Harbour, and of Pensacola Bay, 

Port Pickens. 4 

Plans of Massena’s Retreat 

Lithographs of Guns, Carriages, Wagons, &c,17 Royal Carriage Department. 

Photographs of do do 

Photographic views of Corfu 6 Lt.-Col J. D. Shakespeare, E.A. 

Pooh Purchased^ 

Encyclopsedia Britannica, Vols XX. and XXI 2 

Birds of Asia (Gould’s), Vol. XIII 1 

Penley’s Art of Drawing in Water Colours 1 

Bowman’s Chemistry X 

Common Scenes in the Heavens. By Capt, Drayson, R, A. 1 

Goodeve’s Mechanics 1 

Drayson’s Military Surveying 1 

Aide Memoire des Officiers dk^dlerie... 1 

Ck)ienso’s Algebra 1 


Col. J. M. Adye, R.A. C.B. 

The Dept. Adjut.-Generai, R.A. 

Ordnance Select Committee. 
Brig.-Gen. C. W. D. Staveley. 
Riding-Master Donald, R.A. 
Palmontographical Society. 
Council, Royal U. S. Institution. 

Captain G. H. J. A. Eraser, R.A. 
Count N. de Novitzki. 


1 Captain L. G. Paget, R.H.A. 


[Topographical Depot, War De- 
partment. 
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PuMications of Learned Societies, PeriodicaU^, 


Comptes Eendiis, 

Le Spectateur Militaire. . 

' Journal de Matlidmatiques. 

' Journal des Sciences Militaires. 


Journal fiir die reine Matlieinatik. 
Journal des Armes Speciales* 
Journal of "Royal Society, No. 47. 
Journal of the Society of Arts. 


Mmeum, — During tlie past year several additions have been made to the 
Ornitliological part of the Museum^ the chief of which is a very valuable 
collection of American birds^ presented by the Smithsonian Institution^ 
Washington; among these are some rare specimens^ also a small but inte- 
resting collection of humming birds and others from Berbice^ presented 
by Lieut.-Coloiiel Wragge ; a small parrot {^anodes undiilatus), and some 
reptiles^ and insects, from Australia, by Lieutenant Hallet. To the case of 
British birds, a few specimens have been added ; and as the completion of 
this part of the collection depends specially on the Members themselves, it is 
hoped that those who are able to assist will do so, by sending specimens 
either in the fresh state or in skins. A list of the birds and eggs wanted has 
already been published in one of the numbers of the Occasional Papers.^^^ 

Members stationed at any of the West India islands would be conferring 
a great boon by sending specimens of humming birds, and also their nests 
and eggs, with any notes of their habits that they might think to be of 
interest. 

The case of shells is in course of arrangement. Any donations to this 
division of the Museum would be of value, particularly in the families of 
Cones, Volutes, Cypma, and Murices, British shells are also in request. 
Members stationed on the coast might pass an idle hour, perhaps 
with amusement and profit too, in collecting them, being led on from 
merely collecting to study and take an intelligent interest in the modes of 
life of the curious little people that inhabit these many shaped . and often 
richly coloured dwellings. 

As regards insects, the Museum is still very deficient, and considering 
that the Institution possesses Members in all parts of the world, it is felt 
that this collection ought to be inferior to none. The Committee hope this 
inferiority will not be suffered to remain. 

Presentations to the Mnsemn, 


Book containing 270 specimens of Jersey^ 
Sea Weed, admirably prepared, and scien- >1 

tifically arranged } 

Birds from America 9 2 

Autograph Letter of Lord Nelson’s ...... . . . . . .1 

Egyptian Mummy (Glass Case presented by 7 .. 

GoiincnE. U. S. L) j ^ 

Specimen of Iron Piping formed by the per- 
colation of water, with iron in solution 

through sand 2 

Shot and Shell taken from Chinese Guns 
since their arrival in the Eoyal Arsenal ... 3 

Model of a Canadian Canoe 

Old Naval Cat-o’ -nine-tails - ,1. 

Eossils, &c. firom Egypt ......... 


( Captain P. Sorel, Eoyal Jersey 
I Militia Artillery. 

Smithsonian Institution. 

Captain Freehiig, E.A. 

C Transferred from the E. IJ. S. 
\ Institution, by Gen. Wood. 


Lieutenant W, H. Noble, B.A. 

Captain J. Lyons, B.A. 
Major-Generd Beison, E,A. 


Captain 0. Carr, E.A. 


# Yol. 11. pp. 57--6X. 
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Indian Sword 

do do 

CMnese Work on Fortification ............. 

Indian Yegetable Wax Candles 

Chinese Plan of Tein-Tsin Biver. 

do do of Upper North Fort (Taku). 

do Official Enyeiope ................... 

do Fnze (incomplete) ..... 

Greological Specimens ........ 

Humming* Birds from Berbice. 

Bottles of Eeptiies 

do 

Suit of Chinese Armour 

Old Pattern B.A. Cross Belts 


C Lt.-Gren. Sir W. M. Golebrooke, 
I C.B.,K.H.... ................. 

Lieutenant J. M. Maunsell, B.A* 
Asst.-Surgeon Taylor, E.A. 

Col. I H. Lefroy, E.A. F.E.8. 

» 

- Captain T. A. J. Harrison, E.A. 

I 

Colonel Bainbrigge, E.E. 
Lieut.-Coionel Wragge. 
Lieutenant HaUett, E.A. 
Lieutenant Thuiiow, E.A. 
Asst.-Surgeon Finnemore, E.A. 
Col. F. Eardley-Wilmot, E.A. 


American Birds ^presented ly the Smithsonian Institution, Washington. 


Xocality. 


Common Name. 


337 Geococcp; Californians to* ... ... 4054 diaparral cock 

338Coecygus americanua......... /jCape May, New Jersey 11632 Yellow-billed cuckoo July 42 

339 Plcus harrisii m jBitter Hoot Valley ... 17624 Harris’ woodpecker 

sid do /jMoutb of Big Sioux ... 4638 do May 3 

341 Picus pubescens / Salt Greek 7049 Downy woodpecker May 29, 67 

342 do TO St Louis 7048 do ....May 8, 67 

343 Picus scalaris Coralado Eiver, Cali- 

fornia 4674 ... ... 

344 Centurus Carolinus to St Louis 7060 Red-bellied woodpecker May 13, 67 

345MeL^erpes erytbrocepbalus ... Wagon Road to Brid- 

ger’s Pass 6613 Red-headed woodpecker 

346 do do y Labout River 13249 do do Aug. 8, 68 

347 Melanerpes formicivorus Umpqua Valley 4464 Californian woodpecker 1866 

348 Colapfces mexicanus Port Sletiacoon, West 

Texas 6109 Red-shafted flicker March 66 

349 Chordeiles popetue W ashington 7590 N ight-hawk 

360Milvulus forficatus / Port Cobb 19074 Scissor- tail May 24, 60 

361 Tyrannus verticalis f ... ... 5267 Arkansas flycatcher June 2 

352 do ... 13776 do do 

353 Myiarchus crinitus St Louis 6970 Great crested flycatcher May 8, 67 

364 Myiarchus mexicanus f California 3720 Ash- throated flycatcher 

365 Sayomis foscus m ... ... 4897 Pe wee May 7, 66 

356 do * Washington 7586 do 

367 Empidonax minimus ......... to ... ... 4700 Least flycatcher May 15 

358 Turdus migratorius ... Rockport, Ohio 7477 Robin 

369 Sialia siaHs ... 7404 Blue bird 

360 ^ do ^ TO On Loup Pork, Platte 8880 do , 

361 Sialia mexicana / ... ... 7632 Western blue bird 

362 jS^egulus satrapa to ... ... 16939 Golden-crested wren Nov. 6, 69 

363 I^drobata mexicana / Deer Creek 19195 Water ouzel Jan. 6, 60 

364 Mniotilta varia to ... ... 11614 Black and white creeper 

365 Parula Americana ... Rockport, Ohio 7488 Blue yellow-backed warbler May 62 

366 Geothlypis trichas ^ to Sioux Cily 13189 Maryland yellow throat 

367 GeotMypis maegillivrayi ... ... 7909 Macgillivray’s warbler July 28 

368Icteria viridis to ... 11972 Yellow-breasted chat May 10, 69 

369 Seiurus auxwapillus to Pensyivania 10537 Golden-crowned thrush May 41 

370 Dendroica virens.... Cleveland, Ohio.,,...,.., 76(Xi Black-throated green warbler 

371 Dendroica canadensis ... Rockport, Ohio ......... 7304 Black-throated blue warbler ...... 

372 do do Cleveland, Ohio,...*.,.. 7306 do do 

373 Dendroica coronata Rockport, Ohio 7441 Yellow rump 

374 Dendroica audubonii ... ... 13291 Audubon’s warbler 


m denotes male, / fem^e, y young. 
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Species. 


Locality. 


Common Hame. 


1375 1 Denclroica striata , ....... 

r37f » Beiidroiea maeiilosa . , . . 
377;I)eiidroica palmarnm ... . 

378; Fjranga aestiTa 

'379| do 

SSOjPTranga iiidoTidaiia ... . 

' 381 1 Hirundo Iimifrons ....... 

1382! do ^ ....... 

383 ; iririiiido bicolor 

ISS-iHiriindo thalassina ....... 

J 385 ' Ampelis gamilus 

l3vSC;Pliainop:-;‘pla nltens 

i3S7 ; Vireo olivaceiis 

,388 Alirnus polyglottiis ^ . . . . 
380' Ci.st oMionis palostris . . . . 

300 Trog!odYte.s aodon 

, 30 r Troglodytes parkmanni . 
302iTrogTodytes hyemaiis .... 

393'Sitta carolmensis 

394 Sitta aculeata 
1395' 

396 

397 

398 


Sitta canadensis ....... 

Polioptila caernlea .... 

[Lophopbanes bicolor . 
Par us septeatrionalis . 


Parus rufescens 

Carpodacus puipureus 
Cbi’y somitris tristis . . . 
Curvirostra americana 
Chondestes grammaea 


400| 

401 
402! 

403 j Chondestes gra 
404|EonotncMa leucopli^s 
|405|Eonotricliia gambelii . 

406” 

4^7 
|40S 
:409 
|410| 

41i: 

4121 

413 

414 

415 

416 
4ii 
4181 
419 
[4201 


ZonotricMa aibicollis .... 

[Junco oregonua 

Spizella pusilla 

Melospiza melodia 

Passerella iliaca 

Calamospka bicolor . . . . 
Guiraca melanoccpbala . 
Cyanospiza amoena .... 

Cyanospiza cyanea 

Cardinaiis virginianus . 

do do 

Pipilo cblorurus 


Bolicbonyx oryzivorus 
do do 

Sturnella negleeta 


421' 

422! 


Icterus spurius , 
Icterus bulloekii . 


[423 Seolecopbagus cyanocepbalus j 
4241 Qtiisealus versicolor ...... ' 

425 Ficicorvus columbianus ... 

426 Cyanura cristata 

427(0 janocitta californica 


/[Fort Cobb 


Fort Bridger, Btab, .. 
do 
do . 

[Eacme, Wisconsin 


IMoiitb of Big Sioux... 
I Cape Florida 


Washington, B. C, ' 
Chain Eiver 


Washington, B. C. ... 
Black Hill, Hpperj 
Missouri 


7082 
7339 
7355 
8294 
119483 
48462 
18324 
41018 
|il029 
111040 
5822 
8278 

7324 Eecl-eyed flycatcher 

8163! Mocking bird 

4744; Long-billed marsh wren 


[Black poll warbler ......... 

Black and yellow warbler 

Yellow red pole 

Summer red bird. 

do 

Louisiana tanager 

ClflF swallo w.. 

do 

White- bellied swallow ... 
Yioiet green swallow ...... 

Wax wing 


.'May 25, 67 


.jMay25,69 


,'June 20, 58 
.May 18, 68 
,;May 17, 68 
, ilffov. 10, 66 


8642 

[13781 

20919 

7695 

19229 

11609 

[10216 


House wren.. 

Parkman’s wren 

Winter wren 

White-bellied nuthatch 
Slender-billed nuthatch 
Eed-bellied nuthatch ... 
Blue grey flycatcher ... . 


.| 1852 

. May 6, 66 
. Oct". 30, 67 


7679; Tufted titmouse 


Bee, 21, 69| 
!' ...... 

Oct. 29, 

[Apiii.20, 


8828 


[Washington, B. C. 


Fort Bridger, Utah 

Washington, B. C. 
Fort Bridger, Utah 


[Washington, B. C. 


[Powder Eiver 
[Wind Eiver ., 


6790 

jl014l' 

63941 

72981 


11676 

10134[ 

6369 


Long-tailed chickadee 


iCalacasieu Pass 

St Louis 

[Utah 

Fort Pierre ..... 


Chesnut -backed tit . 

Purple finch 

Yellow bird 

Eed crossbill 

19084jLark finch 

|lll38 White-crowned sparrow 
180401 . ... ... 

10144! White-throated sparrow 

11177 ! Oregon snow bird 

19092 [Field sparrow 

Song sparrow 

Fox-coloured sparrow... 

Lark bunting 

13209'; Black-headed grosbeak 

19246jLa2uli finch 

10527 [Indigo bird 

4278 Eed bird 

7031] do 

13350|Blandmg’s finch 

5360iBoblink 

[10531 do 


Sept. 15, 


I June 8, ^ 
May 22, 68| 
Aug. 12, 60 


[Presido, near St Fran- 
cisco..... 


Sonona, 


[Petaluma, 

California 

! Fort Bridger, Utah ... 


Hell Grate 

: St Louis 

Camp 149, California 


8624 

6348 

5526 

11925 

4760 

mm 

7000 

S462i 


Western lark 
Orchard oriole 


Bullock’s oriole ... 
Brewer’s blackbird 
Crow blackbird ... 

Clark’s crow 

Blue jay 

California jay 


19,5 

. [April 25, 


[yoL. III.] 
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MIJSrUTES OF JPBOCEIBMGS OF 


JBirds ’Presented ly Lieict-Colonel Wragge* 


2?ro. 

.Species. 

Sex. 

Locality. 

’No. 

Species. 

Sex, 

Locality. 

428 

429 
4*30 
431 i 
432; 

433 : 

434 i 

435 
436, 
.:437 

AmpeEs pompadora 

• cotinga 

Oriolus cbrysoeepbalus ...... 

CertHa .ccEruIea 

5 , ...... ......... 

TrocMlufl peila 

t> » 

„ mango 

» ” . 

„ gramineus 

m 

m 

m 

m 

f 

m 

' y 

m 

y 

m 

Berbice 

M 

M 

)> 

»3 

a 

if 

ff 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

Trocbilus prasina 

„ moscMtus 

” mellivorus 

jf >3 

„ cyanogenys 

>» » 

„ rurcatus 

„ „ ............ 

„ ,} ............ 

m 

m 

f 

m 

m 

m \ 
m 

m 

m 

m 

Berbice 

■ . 33 

' n 

33 

33 

33 

33 , 

■ 

33 


Languages,— Tilt ChB^^ for the study of the Trench and German lan- 
guages have continued throughout the year. 

Surveying and Pfactioal Astronomy, — Captain Drayson has attended 
regularly to give instruction to all Officers desirous of availing themselves of 
his services. 

P/wtograg)/iy,—T]ie facilities afforded, by the excellent apparatus and 
rooms specialiy constructed, for the pursuit of this art, within doors, as well 
as the Photographic Tent for Landscape Photography, will, it is hoped, lead 
to a more prevalent use of these means than has been the case hitherto. It 
is the desire of the Committee to encourage, as far as they are able, the 
acquisition by Artillery Officers of an art so interesting in itself, and appli- 
cable to so many useful ends. 

The services of an instructor are now engaged, pending only the announce- 
ment of a sufficient number of names to form a Olass."^ 

Chemistry , — ^The admirable Laboratory, well stocked with every appliance 
for the pursuit of this most interesting science should induce many Members 
to avail themselves of the opportunities within their reach, for following up 
the knowledge they gained at the Royal Military Academy. The Class 
meets for instruction once a week, but every Member of the Class is free to 
pursue his studies in the interval. 

Tawidemy , — Mr Whitely, the curator of the Museum, is always at hand 
to instruct in the method of preparing and setting-up birds, &c ; and it is 
much to be desired that many of the younger Officers, whose love of sport is 
doubtless keen, should acquire by a few simple lessons, before they go 
abroad, the power to preserve the best specimens they may obtain in their 
shooting excursions. The insight that Mr Whitely could also impart in 
many of the branches of Natur^ History would be of great advantage to 
those who may yet be quartered in Poreign Stations abounding with oppor- 
tunities of gratifying a taste for this study. 

Drawing , ^ — A numerously attended Drawing Class has been formed, and 
wxll maintained, under Mr Aaron Penley. 


Siaca this Eeport was , written a nninerous Class lias been fermed, and a good beginning 

made. "" " 
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I/eciwes —BesiieB ihe most interesting and instructive Lectures deliverei 
in tlie Theatre of ' tlie Building to the Gentlemen Cadets^ to which all.. 
Members have access, embracing the following subjects : xipplied Chemistij^ 
Natural Philosophy,; Practical Mechanics, and Geology and , Mineralogy, the 
Committee have provided other series of Lectures such as the Lectures by 
Mr Bloxam ^^ On the Chemistry of Water,^^ and those by Mr Waterhouse 
Hawkins On the ancient and recent Yertebrate Animals, &c 

The Committee have further to thank Major Miller, E.A« %€., Topo- 
graphical Staff, for two most interesting Lectures On the Italian Campaign 

Bmmng MeetmgBr^\k% Evening Meetings,^^ for some time discon- 
tinued, have been resumed with every promise of continuance* They are at 
present held once a fortnight, on Monday at 8»30 p.m., in the Theatre of 
the Building ; and some interesting discussions have taken place. 

At these Meetings Papers sent by Members at a distance are read; 
and from these a selection is made by the Committee of such as shall be 
printed and circulated in the Proceedings/^ 

Models , — ^Itis matter for regret that the Institution possesses scarcely any 
Models, whereas nothing can be more instructive or more in harmony witn 
the character of this Institution than a weU-stocked Modd Room. 

By the liberality of li.M. Government, at the instance of the Director of 
Ordnance, a grant has been made of a new assortment of Royal Laboratory 
specimens at present in use in the service, to replace the former grant now 
much impaired and partly obsolete. This important addition, will it is 
hoped, soon be received. 

Ancient Arms and Uniforms . — ^Donations to this Department are made 
from time to time ; and it would be interesting to possess complete suits of 
the Officers^ uniforms at least, from the formation of the Regiment to the 
present day. A few curious contributions have been occasionally made in 
this direction. It is possible some of the senior Officers of the Corps may 
be enabled to add something to this division. 

'£JiotogTag)hic Likenesses and Views of Foreign Stations , — ^The Committee 
remind the Regiment at large that a collection has been for some time in 
progress of Photographic Likenesses of all its Members ; and they earnestly 
request all Officers who have not yet responded to the circular issued on the 
subject to contribute their likenesses, and thus complete what will prove, in 
course of time, one of the most interesting Records of the Regiment. 

Likewise Photographic Yiews or Water Colour Drawings, of Home and 
Foreign Stations to which Artillery Officers are liable to be sent, are in 
great request; and the Committee feel it due to Lieut.-Colonel J. D. 
Shakespeare, E.A., to make special acknowledgement of six admirable Pho- 
tographic Yiews, taken by himself^ in the island of Corfu, and contributed 
by him towards this collection. 


=* Copies of Major MiEex^s woric On the Itailaii Campaiga of ^69,” mth plm, may be laid 
at' tbe E.A. Institutiioa. ' r. 


m 
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Proposed hp Colonel Wilford, seconded Major Tomg. MM.^ and 

carried unanimously^— 

^^That tlie thanks of the General Meeting he expressed to Captain Noble 
for the time and labour devoted by him to the revision of the third edition 
of the 'Hand Book for lield Service," to which careful preparation is 
mainly due the success of the present edition/^ 

M ujas /urtJier Besolmdy — * 

''That the thanks of the General Meeting be conveyed to Captain 
Blakiston, R.A., for the renewed expression of his interest in the Natural 
History Museum by his presentation to the Institution of a highly 
interesting collection of Birds of China, obtained by him during his late 
expedition in that country/" 

A vote of thanks was also passed to the Committee, for their unremitting 
attention to the interests of the Institution during the past year. 

In consequence of the frequent changes in the Garrison, nearly the whole 
of the Members of the Committee have been elected so recently as to render 
it expedient, in the view of the General Meeting, to limit the application of 
Buie IT. in the present case, to the retirement of one Member of Committee 
only, viz. Lieutenant Crawford, R.A. 

Besohedf—- ^ 

"That Lieut.-Colonel Gibbon, B. A. C.B., be requested to serve on the 
Committee, to ffl a vacancy already existing ; also that Lieut. Edmeades, B. A. 
be requested to serve in lieu of Lieutenant Crawford who retires in accord- 
ance with a modified application of Buie IV."" 

The Committee for the ensuing year will therefore stand thus : — 

PATEON AM) PEESIDENT: 

General H.E.H. The Duke of Cambridge, k.o. 



VICE-PEESIDEETS: 

The Commandant. 

The Deputy-Adjutant-General. 


MEMBEES OP THE COMMITTEE: 

The Assistant-Adjutant-General. 

The Secretary Ordnance Select Committee. 

The Brigade Major. 

Lt.-Col. J. H. Smyth, c.B. Captain T. L. Dames. 

Lt.-Col. H, Clerk. Captain H. A. Doyne. 

Lt.-CoL J. B. Gibbon, c.b. Captain J. Lyons. 

Lt.-CoL M. Clifford. Captain V. D. Majendie. 

Surg.-Major H. Briscoe, m.d. Lieut. C. E. Boberts. 

Major C. E. Young. Lieut, H. Edmeades. 

Major G. H. Owen. Lieut. W. G. Stirling. 

Mm'or W* G. Andrews. Captain E. L Brace, 

Se&. and Treaturer. 


May 20, 1863. 


(Signed) 


SIB E. J. BACEBS, Major-General, 

Vice-President, in the Chair. 
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THE QEE ST I els' OE THE DAY, 

OB 

• “lEON-PLATES” versus “GMS.” 


By W. H. noble, M.A., Lieut. E.A. 

ASSOCIATE MEalBEIt, OBBNAKCE SELECT C03IMITTEB. 

1. The actual doue^^ at the moment of impact, by two projectiles 

of different weights and animated with different velocities may be taJeen as 
comparatively proportional to the vis viva of each. 

This is not, strictly speaking, quite correct, as some force is expended in 
altering the shape of the different shot when they strike, 

Upon a projectile striking a rigid and immovable object, like an iron 
target, a certain alteration of figure is experienced by the shot ; but the 
difference between the forces required to produce this efect in different shot 
is so inconsiderable that it may practically be neglected, and the work done” 
may be stated, as above, to vary as Wv^, /F being the weight of the shot, 
and V its velocity at the moment of impact 

The w^ork done, at 200 yds. distance, by the 110-pr. Armstrong rifled gun, 
with 14 lbs. charge, where 7F=llllbs. and «?=1178ft,, and the 68-pr* 
smooth-bore gun, with 16 lbs. charge, where 7^=66 lbs. and a;=1422 ft., is 
in favour of the former gun in the proportion of 11*5 to 10, nearly; but we 
find that the penetration is in favour of the smooth-bore 68-pr. Again, at 
the same distance, the llO-pr. firing a bolt of 200 lbs. with a charge of 
10 lbs., where 200 lbs. and 'z;=780ft., in comparison with the 68-pr. 
as before, will be as 10 to 11, nearly, the 68-pr. thus, having a slight 
advantage ; yet the penetration of the 68-pr. is far greater, that of the 200 lbs* 
bolt being almost nothing. 

2. How comes it then, that although the ^^work done” by each shot 
varies so little, the penetrations shew such a marked difference ? I think 
that the following explanations wall throw a light on the subject : — 

The actual work done” by each shot is, as we have seen, nearly the same; 
but one does its work in much less time than the other,. Tliis explains the 
w^hole matter. 

The 200 lbs. bolt, with a lonv velocity ^ stikes a heavy blow on a spot in the 
target, but it takes a certain length of time to accomplish that blow ; so 
that, during this interval, all the surrounding particles of iron have ample 
time to sustain the point struck ; the force of the blow is thus spread over 
a large surface of the target, and the cohesion of the particles is undisturbed, 
[voL. in.] ■ \ ‘ 10 ■ 
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as eacli particle is enabled to contribute tlie force of its attraction towards 
uniting the whole. 

The 68.pr. on the contrary, strikes the target with a high velocity, and 
the surrounding particles have not time to sustain one another, before the 
work is accomplished, so as to support the point struck; the consequence is 
that the penetration is greater at the point struck, although the actual amount 
of work done^^ may be the same. 

3. Lest this language should appear too figurative, I will express it in 
other words, thus : — 

Let us suppose the matter of which any body is composed, to be comprised 
of an indefinite number of atoms or particles united together by a certain 
force. 

Call one of these atoms A and the contiguous atoms B and C, these 
last have also contiguous atoms D and J^ and so on. Suppose the atom ^ 
receives a blow, it instantly endeavours to transmit some of the effects of this 
blow to B and C, which again in their turn transmit to i? and il, thus a 
sort of wave of motion takes place between the particles, and each atom 
bears some of the effect of the blow. But a certain time must have tran- 
sjiired before the wave communicates its effect to ^ and A If there is 
sufficient time t^ enable, i?, C, B, jS^to take up some of the effect, A will, 
in a corresponding degree, be relieved ; but if there is not sufficient time A 
will have a greater force to contend with than it is able to resist, conse- 
quently it must yield to that force and alter its position with regard to the 
csontiguous particles, 

ooooo 

mCABJ) 

4. I think it ought to be allowed that the chief object we have in view 
is the penetration of the ship^s armour; it will have a moral effect on the 
crew as well as a physical effect on the vessel, for if once an armour coated 
ship is penetrated her prestige is gone and she is no longer invulnerable. 
It is said ^^the heavy shot has a great smashing effect ! But practically, 
up to this time, we know it has not been so ; the penetrating effect of the 
200 lbs. holts on the Warnor target being quite insignificant, and from the 
best and most authenticated accounts we learn that the late naval battle 
in America was fought with these heavy shot, at low velocities, and that the 
result was almost niL 

The champions of the ''heavy weights^^ say that the heavy shot at low 
velocities will shake the plate off, and break all the bolts ; and no doubt such 
Mults would be most effective — ^ they took place. However up to the pre- 
sent date these results have not taken place ; the plates in the most obstinate 
manner refnse to be shaken off, even when fired at directly. — What then will 
be the effect if they are fired at obliquely ? 

Observe the effects produced upon the Warrior target. 

The mean penettation of the 68-pr. was 2*46.m., that of the 110-pr. 
Armstrong with a shot of Ullbs* and 14 lbs. charge, l‘6.in., while the 
penetration of the 260 lbs, bolt, almost inappreciable. What was the 
penetration of the shunt with a shot of 140 lbs. and 20 lbs, of 
powder P not much more ftan Ihe 68»pr., although the "work done'^'^ was 
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nearly as 17 to I'OV, But tiae time of doing this work was longer, in one 
ease than the other. 

If I could see any practical advantage in using a heavy shot with a low 
velocity;, agaimt iron, I would at once yield to its superior merits; but on 
the contrary, this system is more expensive, more difficult to manage, and 
less effective than a system of lighter shot and heavier charge. 

It is quite possible that a gun might be made to throw such a heavy 
shot that it would be irresistible. But it is quite as possible that a smaller 
gun, throwing a smaller shot, with greater velocity might be just as powerful, 
and decidedly easier to work and cheaper to use. The problem is this,— 
Eequired, to ind a means of destroying your enemy in the shortest time, in the 
easiest manner, and at the least possible expense. 

5. The question now becomes one of guns. After the late experiments 
on the Ifarrior target at Shoeburyness, no one will be bold enough to deny 
that the true way to penetrate a ship's annour is by using heavy shot 
animated with a high velocity, or, in other words, fired with a large charge of 
powder. In the recent experiments the work done" by Sir W. Armstrong's 
large smooth-bore gun, throwing a spherical shot of 150 lbs. with a charge 
of 50 lbs. was as 6 to 1 in comparison with the 68-pr.; it therefore pane- 
tmted the plates with the greatest ease, although the shotjtself was broken 
into small pieces by the concussion. This effect was due, not to its being 
a smooth-bore, but to the projectile's great velocity. 

A very unscientific mistake is made by those who imagine that for pene- 
tration through iron plates it is absolutely necessary to have smooth-bored 
ordnance. 

We know what a prejudice for a long time existed against rifled small 
arms ; and how Old Brown Bess" was hugged to the last. 

We know what a hard fight every improvement has to endure before a 
change is effected. It has to conquer habit, prejudice, professional jealousy, 
and a host of other enemies, but in the end it triumphs. Thirty years ago 
we thought a ^^four-in-hand" and twelve miles an hour all that could be 
desired for speed ; the old seventy-four gun ship was looked upon as the 
model of naval architecture; the ordnance of the period was on the same 
scale. Less than half a century elapses, and everything is changed; the 
genius of man ever striving onward overcomes the obstacles in its path. The 
mighty arm of machinery is called into play, and an iron age commences. 

Who would compare the railway engine of the present day with the coach 
of yesterday? How would the old ^^74" compete with the modern line 
of battle ship, or the artillery of the past with the heavy ordnance of the 
present ? This latter in its tnrn will be superseded and the rifle will take ita 
place. 

With what smooth-bore gun conld a 9 ft. target be hit at 1000 yds. 
89 times out of 40 ? 

What smooth-bore gun of 74n. bore will throw a shell with 8 lbs, of 
powder bursting charge ? 

Listen to the words of one who has done more for the science of gunnery 
than any man who ever lived. Hear his voice from the grave ; the words 
are nearly 100 years old, but the language is powerful and the ^irit 
prophetic! . . ■ , 
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What said Beniamin Eobins before lie died? 

I shall tliereWe close this paper with predicting, that whatever State 
shall thoroughly comprehend the nature of rifled barrel pieces, and, having 
facilitated and completed their construction, shall introduce into their 
armies their general use with a dexterity in the management of them, they 
will by this means acquire a superiority, which will almost equal anything 
that has been done at any time by the particular excellence of any one kind 
of arms; and will fall but little short of the wonderful eflects, which 
histories relate to have been formerly produced by the fli*st inventors of fire- 

What single advantage has the smooth-bore over the nfle gun. Is it as 
accurate? No. 

As generally effective ? No. 

As light? No. 

In what then consists its superiority ? has been proved by experi- 
ment to have a greater penetrating effect at short distances, and as naval actions 
will in future be fought at these short distances, we should arm our vessels 
with large smooth-bore guns, throwing heavy shot with a high velocity/^ 
But by what right is it assumed that naval actions are to be fought at 
short distances for the future? Is it because it suits the smooth-bore 
guns ? No doujjt it would have suited the Macedonian much better if she 
had fought her action with the United States at short distances than at long; 
but the American would not follow suit, and by keeping at a distance and 
taking advantage of his long range guns he gained the day. Exactly the 
same thing occurred in the action between the and the TJmhe, except 
that in this case the British captain took advantage of his long range 18-prs., 
chose the distance that suited his gms, and in a very short time compelled his 
enemy to surrender. 

In this action the 32 -pr. carronades, which formed the armament of the 
JEssess^ would have been very formidable at short ranges, hut they w’-ere almost 
useless at the distance at which the action was fought. 

Again, it will be remembered in what a mortifying position a gallant 
British officer fonnd himself on Lake Ontario in 1813, when he w^as pounded 
by long range guns, at such a distance that he had only six guns in his jleet 
with^ which he could re^ly. It is possible that this may occur again if the 
British navy be armed with an inferior weapon. 

^6. I admit that the rifle guns of the service at present are idle against 
iron plates properly constructed and firmly backed. Why ? Because the pro- 
jectiles they fire are animated with a low velocity. But why not correct this ; 
it is easy to find a remedy. Put in more powder. Construct a muzzle load- 
ing rifle gun to throw a heavy projectile with a large charge of powder; you 
will get a higher initial velocity than the smooth-bore gives under the same 
circumstances; greater penetration, greater accuracy, in fact every advantage. 
The whole question now reduces itself to iron. That a large muzzle-loading 
rifle gun can be constructed on Sir W. Armstrong's excellent principle 
none who knows anything about the construction of these guns will for a 
moment deny. 

The rifle gun might be inMf, i moreover, lighter than the present 
150-pr. smooth-bore, and yet throw the same weight of shot and use 
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tlie same clmrge. But to enable the gun to 6o this the area of the bore 
must be reduced, and cousequently the strain will be increased. WiE 
the gun is composed, bear this strain ? That is 

the "whole question. The iron mmt he of firet rate quality ; it is qualify ^ 
Xkot qumiiiyy mIiiAi we want ; and I have much too great an opinion of the 
engineering skill of this country to make me fear for the result. I have no 
doubt that the iron will be found, and that shortly we shall have our 150 
and 300-pr. rifle guns, with an initial velocity of 1700 feet per second. 
The science of gunnery is but in its infancy, as far as relates to the 
eomtfuetion of guns, and there is a wide field open in which a lover of his 
profession may gain credit for himself while he advances the interests of that 
arm to which he belongs. 

There are difficulties in the way; we must take account of recoil; effect 
on the carriage ; strain on the gun, &c. But these difficulties can be over- 
come by science and perseverance; and surely it is worth our while to try 
to: effect this. ■ 

Even supposing that it be found impossihle to make a rifle gun to bear 
the strain consequent upon throwing an elongated projectile with a high 
velocity, it would by no means be impossible to rifle a round shot or a short 
cylinder of the same weight as a spherical shot and so preserve some of the 
advantages of the rifle system, while attaining a high velocity. It is a great 
mistake to suppose that a rifle projectile is incapable of obtaining great 
velocity. It all dey^ends ujyon the charge with which it ie fired 

7. The folloiving Tables shew the velocities, at different ranges, of 
various natures of shot and shell, and great pains have been taken to make 
these Tables perfect. 

The Tables are based upon the following hypothesis : — 

Supposing that the resistance of the air is * 


the retarding force is 



^ "While this paper was passing through the ^ress, an initial velocity of 1905 ft. was obtained 


by an elongated shot, of 6*2 lbs. weight, rifled on Mr "Whitworth’s principle, and ifired, with a charge 
of 2 lbs., from his breech-loading 12-pr. gun, 
f A” a con.stant=0*0005i37 for smooth-bores— 0*00034i25 for rifles, 

E’—half the diameter of the shot, 

^== 3 * 1415926 , 

«=the mean of the observed velocities at two points in the trajectory, 


or tj — 
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TI 1021 considering the motion to be horizontal the range being and 
the time we shall have 

dt 2c V ^ J * 


but » = ^; therefore ^ 
dt m 




dx : 


• 2c 


dm 




Then integrating, we shall have 

(iii: 


: 2e loo; . 


or 




This equation, the result of the French experiments at Metz, contains 
all the data necessary for computing the velocity of shot at different distances, 
the angle of elevation being small, 

r = a constant=1427 ft. 

= initial velocity, 

T = velocity at the range 

c = a ballistic coefficient different for all natures of projectiles. This 
coefficient is given by tables computed for the purpose, and depends upon 
the diameter, form, and .weight of the projectile. 


* Ulus equation may "be put under the following form:— 

F' 


F« • 




H 

T 


X is the distance, measured on the prolongation of the axis of the hore, but with small angles of 
eleyation this distance may practically be said to equal the range. 


The correction for this would bring the equation to this form, 
^ F' ' 


cos<k 'j ^2o F^cos^ 


cos 'A 
’ cos ^ * 


^ being the angle of projection above the horizontal plane, 

6 the inc^dnation of the trajectory at the pomt a?, where the velocity is F j 




* . 

m wMch P 5= weight of ^ot, and g 5= gravity, the others as before. 
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Wlien the initial Telocity of rifled gnns: was not knoTO from esperiineiit, 
it was calculated by an empirical formula wMch I have found to gife Tory 
good results., 

Tliis formula is something like that used by Dr Hutton^ viz,, 

V = 1400 in which 

= weight of shot in lbs. 

£7= weight of powder in lbs. 

F = required Telocity in ft. 

It will be seen from the Tables what a very efficient gun the 150-pr. 
rifled gun would be. I look forward to seeing a gun of this description in 
the navy. ■ 

Its weight, as stated by competent authority, would not exceed 9 tons, and 
its penetrating power wuuld be very great, at all distances. 

In the late experiments at Shoeburyness with the 150-pr. smooth-bore 
gun against the Warrior target, it is generally supposed that the s/iot 
passed quite through tlie target. This was not the case. The iron plate 
or armour was penetrated, but in doing this the easi-iron shot was 
smashed to pieces, and whatever passed through was composed of pieces 
of the plate, and minute particles of the shot itself; the rest of the 
shot was buried in the woodwork, although this latter was bulged out, 
and the inner lining of the target ript and broken; but no piece 
of iron passed through. Still the damage was very great, and a broadside 
of such guns would have destroyed the entire target. Tfow, by using 
a rifle gun, throwing a wrought-iron solid-headed shell, you would probably 
have the same eflect as the round shot, besides bursting the charge, at the 
hade of the armour, after the solid head had penetrated or punched a hole in 
it. A solid wrought-iron bolt with high velocity from a rifle gun would 
have penetrated clean tlirongli everything, leaving a hole of about the size 
of the shot to see daylight through. 

"What is wanted is velocity; if you sacrifice velocity to weight, you will 
only be able to keep knocking at the door, without entering. I believe the 
Warrior target would have stood a pounding from a 300-pr. rifle gun, if 
fired with the same low charges that we use in our service rifled ordnance. 

The experimental velocities, given in the tables, were determined by me 
under the direction of the Ordnance Select Committee, with the electro- 
ballistic apparatus and may be taken as the true velocity of the different 
shot. 
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Table I. 


TABLE SHEWWG VELOCIIIB^F 05 AMEEICAN 



Table II. 


TiTtT.-K SHEWING INITUL VELOCITIES 05 EI5LE GUNS BT EXPEEIMENT, 
ANB CALCITLATED 5E0M THE EQUATION 


r=14B0 



F"— velocity. 

0 == weight of charge. 
W = weight of shot. 



Experimental 
velocity 
corrected for 
a uniform 
powder. 


Calculated 

velocity. 


Weight Weight 
of of 
charge, shot. 


Hemarks, 


Nature of gun. 


Same diameter of 
shot, viz. in. 


Table III. 

TABLE SHEWING THE VELOCITIES 05 BI5FEEENT NATURES 05 GUNS AT 
BIF5EEENT BI8TANCES, WITH THE LOSS 05 VELOCITY CAUSEB BY THE 
RESISTANCE 05 THE AIR. 


Yeloeities, in feet, at 

f Weight IniM , 

g of shot, velocity. 30 100 200 

yds. yds. yds. 


Nature of gun. 


eS-pr. } 16 66 1570 1663 1488 1422 26 

16 111 1807 1300 1287 1271 7 

14 111 1211 1206 1193 1178 6 

110-pr- rifled Armstrong! 12 111 1126 1120 1109 1094 6 

gun ] 12 103 1166 1160 1149 1133 6 

11 174 892 890 886 877 2 

, 12 150 995 992 983 974 3 

160-pr, smooth-bore gun 40 150 1726 , 1710 1645 1586 16 

300.pr. rifled gun 76 300 1716 1708 1690 1665 . 7 

l60-pr. rifled gun 40 , im 1770,, 1762 1737 1704 | 8 

' ^ This is the service Eoyul Horse Artillery segment shell. 
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Table IV. 


ABSTBACT SHEWIHa THE VELOCITIES OF BIFFEBEHT PBOTECTILES, 
WITH BIFFEEEOT CBAUGES. 


Nature of gun. 

'.Calibre. 

Lengtli of 
bore in 
calibres. 

Cbargo. 

Projectile. 

Initial 

Yelocity. 

Velocity 

at 

lOOGjds. 

Nature. ■ 

Mean 

weight. 

Mean 

diameter. 

Smoothi-bore, 



lbs. 

spherical 

lbs. 

in. 

ft. : 


f 68-pr, 

8-12 

14*0 

16 

solid 

66 

7-91 

1579 

1 978 

1 




spherical 





1 150-pr 

10*48 

11*0 

40 

solid 

150 

10*41 

1726 

1168*3 

Eifled. 




elongated 





rilO-pr.A. ... 

7-00 

14*2 

14 

i solid 

111 

7*095 

1211 

1062*0 


i 7*00 

14*2 

12 

[ . do ■ 

111 

7*095 

1125 

980 

( 150-pr. 

7*52 

19*0 

40 

: do 

150 

7*50 

1770 

1485 


Table V. 


TABLE SHEWHSTG THE “WOEK BOIS'E’’ AT BIFFEBENT BISTAHCES, BY 
BIFFEEEYT GUYS, THE GS-pe BEIYG TAKEN AS UNITY, 


Nature of gun. 

Charge. 

Weight of 
shot 
solid. 

"Work done” 
at 1000yds. 

"Work done” at 1000yds. by 150-pr. 
rifled gun in comparison with 68-pr. 
and 150-pr. smooth-bore at 200 yds. 

68-pr. smooth-bore ... 

16 

66 

1*00 


llO-pr. Armstrong ... 

12 

111 

1*69 


do do 

14 

111 

1*98 


150-pr. smooth-bore ... 

40 

150 

3*24 


150-pr. rifled 

40 

160 

6*24 


f ()8-pr. smooth-bore ... 

16 

66 


i 1*00 at 200 yds. 

( 150-pr. riiled 

40 

150 


2*50 at 1000 yds. 

C 150-pr, smooth-bore ... 

40 

160 


1*00 at 200 yds. 

( 150-pr. rifled 

40 

' 160 


0*88 at 1000 yds. 


Trom tills last table MU be seen tlie value of rifled ordnance in com- 
parison witli smootb-bored at long distances. 

Thus the 150-pr. rifled gun at 1000 yds. would be times as effective as 
the 6B-pr. at 200 yds.; and the 150-pr, rifled at 1000 yds. is nearly as 
efficient as the 150-pr. smooth-bore at 200 yards. At 200 yds., the mean 
penetration of the 68-pr. into the JFarrior target was about 2*5 in. At 
1000yds. the 150-pr. rifled gun would be more than double; and as the 
plate is only 4*5 in. thick, the probability is that it would be smashed. 
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Table VL 

SHEWING THE ME AH IKITIAL VELOCITIES OE VAEIOXJS CrEHS EIHEH WITH 
HIFEEEENT CHAEGES. DETEEMIHED WITH HAVEE’S APPARATUS. 




O 









"sl 


Projectile. 


o 

o . 




tS§ 


o 




s 





bo 






Hature of Gun. 

1 

§’.9 

1 

Kature. 

Mean 

Mean 

3 

Bemarks. 


o 

-21 
■ .Ci 

8 

weight 

diameter 

s 





lbs. 


lbs. 

in. 

ft. 


10-in. gun, 87cwt. 
68-pr., 95 cwt 

8- in. gun, 65 cwt. 

32-pr., 58 cwt 

24-pr., 60 cwt 

18-pr., 42 cwt...,,. 
12-pr., 18 cwt 

9- pr., 13 cwt 

10-00 

10*9 

12*00 

boL sbot. 

88*31 

9-84 

1292 


8*12 

14*0 

16*00 

shot 

66*25 

7*91 

1579 


8*05 

13*0 

10*00 

com. shell 

46*00 

7*85 

1487 


6*37 

16*8 

10*00 

shot 

31-37 

6-17 

1690 


5*82 

18*0 

8*00 

99 

23*50 

5*60 

1720 


5*29 

19*2 

6*00 


17*69 

6*09 

1691 


4*62 

16*1 

4*00 

99 * . 

12*66 

4*62 

1770 


4*20 

16*1 

2*50 

elongated 

shot 

9*37 

4*10 

1614 





r 

1-75 

10*02 

2*95 

1464 


Wbitworthl2-pr. I 

C3*00 

12*97 



1*75 

99 

7-86 

2*95 

1654 


9 cwt. breecb- [> 

} 36*0^ 


2*00 

99 ■ ■ 1 

6*21 

2*96 

1905 


loading rifle gun } 

) 


1*26 

Spherical 

rifled 

3*42 

2*96 

2210 






elongated 



1209 


The compe- 

Britten, 32-pr. ... 

6*37 

16-8 

6*00 

shell 

60*36 

6*24 


Jeffrey, 32-pr. ... 

6'37 

16*8 

6*60 

99 

48*06 

6*26 ! 

1263 

f titive rifle 

Haddan, 32-pr, ... 

6*37 

16*8 

7*00 

99 

64*20 

6*19 1 

1277 

i cast-iron 

jOsBicasfcer, 32.pr. 

( 6*95 

1 6'36 

]■ 16-2 

6*00 

■ -99 

51*00 

f 6*881 

1 6*32 ) 

1246 


guns. 

^Shewing the 

12-pr. Armstrong 
do 
do 

3*00 

■ ■ ■ 

ff 

24*5 

« 

jj 

1*50 

93 

ft 

seg, shell 

■- 99 

. j, . . 

11*69 

99 

99 

3*074 

3*010 

3*010 

1248 

1210* 

1172 

- 

effect of re- 
ducing the 
lead on the 
Armstrong 
^projectile. 


This last Table has been added since this paper was read at the Eoyal 
Artillery Tnstitntion. 

It has lately been stated pnbliclyt that it was impossible to obtain a high 
velocity from a rifle gun when fired with the same relative charge as a smooth- 
bore ; and that the friction, consequent upon the use of lead coating for 
Armstrong projectiles, was so ^eat that no high velocity could be obtained 
by that arm. ^ This is totally disproved hy Tables II. and TI., and all such 
statements with regard to rifled ordnance are purely fallacious, and in no way 
borne out by any experimental facts. 


^ A band of lead 0*2l5 in, broad of tbe onginal diameter, viai. 3*074, left on the base, 
f Journal United Semce Institutioxi, June, 1862. 
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EEPOET 

BX THE ■ . 

MmiSTEE OE MAEINE, PAEIS, Eeb. 9, ISSO, 

BILATIVE TO THE EBOOE OE BIELED CAST-IEOH 0 IJHS, AED THE EEYISIOH 
OF EOEMEB EE GELATIONS EE SPECTBSTO THE FABEICATION ANH PEOOF 
' OF: ale lEON CANNON FOE THE IMPEEIAL NATAL SEEYICE, 


[Translated "by Colonel Gbea-TECBb, C.B. and Colonel H. LbbeOt, E.A«, F.E.S. 
for the Ordnance Select Committeej. 


SlEB, 

1. The ordonnance of tte 24tli Aprils 1837^ which regulates tlie technical 
operations relative to the manufacture, the proof, and the passing into the 
service of cast-iron guns, in the foundries of the Marine, has become 
insuflicient, on account of the advances realized by an experience of twenty 
years in the metallurgy of iron applied to the production of cannon, 

2. On the other hand, the introduction of cast-iron rifled guns requires 
special measures, winch it is important to regulate. 

3» To this end a commission, composed of officers of the Marine 
Artillery, who have more particularly served in the foundries, presided over 
by the inspector-general of that arm, has been charged, by my orders, to 
study the modifications and additions which it was necessary to apply to the 
text of the ordonnance of the 24th April, 1837. 

The project of regulation, proposed by this commission and accepted 
by the council of the admiralty, regulates the classification of metals in the 
foundries, according to the origin and the differences in each lot. 

By a new arrangement it is stipulated that in the proofs of metals entering 
into the composition of mixtures for guns, the cannon of 30, No. 1, which 
is the piece most used on board the fleet, shall be taken as the test, whereas 
until now the calibre of 8 has been exclusively employed for this purpose. 

By the old regulation every uncliambered gun, before being passed into 
the service, was made to bear the ordinary proof, viz, it was fired twice with 
two shots and a charge fixed at the half of the weight of, the shot. 

This mode of trial was of no use in testing pieces of inferior manufacture, 
which bore the proof, although strained by it ; and we have cause to admit 
that this strain has contributed to the accidents which have happened in an 
after period in the service. The new proof of smooth-bores will be always 
made with two shot, but only with the quantity of powder fixed for the 
heaviest service charge of the piece which is to be proved, ^ ^ 

The new regulation fixes with clearness and precision each detail of the 
management of the smelting furnaces and of the reverheratmg 
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well as alltlie stages of manufacture tlirougli a gun 

passes until it is passed into the service. ^ ^ 

In the second place, in order to make these dispositions agree with those 
inserted in the decree of May 1857, concerning the organization and the 
service of the establishments of the marine outside the dockyards, I would 
xecoinniend to your Majesty to modify Article ^8 of the decree of the 
2nd of May, 1857, which gave to the inspector-general the right of giving 
direct instructions to the foundries,^ which right by the new regulation has 

been reserved exclusively to the minister. 


(Signed) 


HAMBLIN, 


Ministre Secretaire (VMat de la Marine, 


Decree of the Fehrmri/^ 1859. 

Napoleon, &c., have decreed,— 

Section!. — Plans ancliracmg^. Mode of manufacture. 

Art. 1. Guns will be manufactured in conformity with the tables and 
tracings which have been approved by the minister of marine. It .is 
expressly forbidden to communicate these without orders from liim. 

Art. 2, The guns will be cast from a second fusion. 

Art. 3. They will still be cast solid, and without any sort of core. 

Art. 4. They will be cast in sand moulds, which have been properly dried 
in the stove. 

Art. 5. The proportions of the models should be such that, notwith- 
standing the contraction of the metal, the guns should have the dimensions 
prescribed by the tables. No exception is to be made, except in case of parts 
which are afterwards fitted. 

Art. 6. No sealed pattern of a gun can he admitted for the service until 
the ^och-mtlal of its examination and verification has been a23proved by 
the minister. 

^ The sealed patterns [modUes definitifs) wiU be made in cast-iron. The 
pieces which composed the parts in relief, such as cascable loops, trunnions 
pd shoulders of trunnions, &c. will be in cast-iron, in bronze, or in wrought- 
iron. 

The weight of thp dead-head from the muzzle will be betw^een one-third 
and one-fourth of the finished piece, except in the case of mortars. Every 
establishment on receiving an order for a new gun will send a tracing of the 
dead-head to the minister. 

Art. 7 . The mould-boxes will be cast-iron. They will be moulded with 
the greatest care, so that the fitting may be easy and that the difierent parts 
may have no play among themsdves. 

Art. 8. "When provisional models are employed they will be made under 
instructions given by the minister^ 
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Section H,— On the management of melting fwmace% andfomuhm. 

Art. 9. In tlie treatment of ores/ cliarcoal slionld be used as miicli as 
possible wMch is made from young wood of a good sort and of a moderate 
size. Tlie cbarcoal sliould be sent to the foundry as soon as possible after 
it has been burnt^ but it must not be placed for use untU twenty-four hours 
after its arrivaL, ■ 

Art. 10. No mixture of ores intended for the manufacture of metal for 
guns can be definitively used until the metal produced has been submitted to 
the extraordinary proof. If in the coui*se of founding it is found necessary 
to modify a mixture which has been adopted, the director will make his 
report to the minister as to the advantage of a fresh proof. 

Art. 11. The definitive passing of ores will take place at the foundry. 
Still the director may, if he thinks light, send to the place of their extrac- 
tion, or to their depot, an officer of artillery or other agent of the establish- 
ment, in order that he may ascertain the source of the ores, and that he may 
assure himself as far as possible that they are the sorts and qualities 
acknowledged proper for the manufacture of guns. 

In case of need an agent should be kept on the spot and charged to the 
department of marine. 

Art. 12. The director will watch with the greatest attention that the 
different ores be not mixed, neither in the depots nor during transport, nor 
in the yards of the establishment, where each sort should be placed separately 
and distinguished by a label bearing the name of the lode or vein from where 
it has come. 

Art. 13. In each foundry a special registry will be kept of the situation 
of the ores of different sorts. This registry wffl be balanced every month. 

Art. 14. A paved space will be reserved, on which the ores will be mixed 
in the proportion they will have to each other in the furnace. 

Art. 15. The charcoal, ore, and flux with which the furnace is charged, 
will be the first measured and the two last separately weighed. 

Art. 16. A covered space will be left near the mouth of the furnace, large 
enough to hold the quantity of mixed ores and flux necessary for twenty-four 
hours at the least, and the charcoal sufficient for the night work. This last 
will be prepared in advance, during the day. 

Art. 17. The quantity of charcoal put into the furnace at a time will be 
the same throughout. This quantity will be fixed at the commencement of 
the founding and will he continued throughout. 

Art. 18. No sudden change should be made if it can be avoided in the 
charge of ore or flux ; but if the working of the furnaces requires that 
either one or the other be altered to any material extent, the metal run sub- 
sequently will not be classed as fit for the making of guns, during the whole 
time the derangement lasts. 

Art. 19. Each time that the metal is run from the smelting furnace a 
standard pig will be made in a mould dried in the stove j its fracture will 
serve for the classification of all the pigs run at the same time. 

Art. 20. In his reports on the furnaces, each month, the director will 
acquaint the minister with the changes which have been made, as well as with 
the causes of them. He will also specify the number and weight of the pigs 
produced during the abnormal working of the smelting furnace. ; , 
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Art. 21. The rate of working the bellows will also be as regular as possible; 
and, except in case of special accidents, no change will be made without the 

order of the director. ^ . i 

Art. 22. When it appears at the beginning of a founding that the work- 
ing of the smelting furnace is well regulated, and that the metal produced 
is fit for the manufacture of guns, this metal will be tried in the form of a 
gun of SO, No.l, of the model 1849. The proof is laid down in Ai’ticles 

71 and 72. . 

Art. 23. If the gnn stands the proof, the employment of the mixture will 

be continued. 

Art. 24. If the trial has an unfavourable result, the causes of failure 
should be investigated and remedied, after which a fresh trial will be made in 
the same manner. 

If the gun succeeds, a report will be made to the ministry of the modi- 
fications which have been made in the second trial. 

The pigs of iron which have been run between the castings of the two 
trial guns, and before the modifications introduced in the manufacture of the 
second gun, will he put aside, and only employed in the manufacture of guns 
under the orders of the minister. 

Art. 25. When the working of the furnace has been regular, a receiving 
proof {epreme de recette) shall be made by 400,000 kilos. (882,000 lbs.)* 
of metal made from the same mixture; and if, on the contrary, the work- 
ing should have been irregular, and the director should have conceived doubts 
on the quality of the metal, he wiU communicate his fears to the minister, 
and demand authority to repeat the trial. 

Art. 26. Tor the receiving proof of metal, . the pigs of iron which are to 
form the trial gun will be taken at different periods of the manufacture, 
which is to be tried, and the intervals of time at which they have been run 
vdll as much as possible be equal. 

Art. 27. The director will divide the workmen attached to the smelting 
furnaces into brigades, which will relieve each other by shifts, either by night 
only or by day and night, having regard to the good of the service, the habits 
of the country, and the comfort of the men. 

Art. 28. The minister will organize, by means of the agents and military ' 
employed under his orders, a system of surveillance, with a view of ascertain- 
ing that every one conforms to the orders issued for the management of the 
furnace. 

These agents will report the result of their observations to the officer of 
artillery whom the director has charged with the inspection of the smelting 
fomace, 

^ Art. 29. The officer charged with the inspection of the furnace should 
himself, by frequent and unexpected visits, assure himself that the prescribed 
rules are observed, and that the surveillance ordered in the preceding Article 
is properly exercised. He shall always be present when the metal is run. 

The other officers should also be present, if the director thinks fit. 

Art. 30. The foreman of each brigade should note the proportions of each 
charge at the moment it is put into the furnace. He should warn the govern- 
ment foremn {chef-ouvrier d^etcd^ ^ accidents which may happen to 

#1 q^fire cent rnille Mllograwnee ^ Jbnte*** There appears to be some misprint 

here*— J. H. L. ' % , ; 
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the furnace. He should furnish him also with the documents required for 
the compilation of the journal of the foundry. 

Art. 31. The gOYernmeiit foreman will keep, under the eye of the officer 
charged with the inspection of the furnace, a register, in which he will insert 
the day and hour when the metal is run ,* the number and composition of 
the fillings of the furnace ; the number of the mixture ; the qualities of ores, 
charcoal, and flux employed ; the product obtained; the mean pressure of 
wind at the nozzle of the bellou/s between two consecutive foundings ; the 
diameter of the nozzle ; the numbers of the pigs which have been run ; the 
opinion passed npoii the quality and the temperature of the metal; the 
accidents wliich may have happened, either to persons, to furnaces, or to 
Mowing machines; in short, he will mention whatever may be calculated to 
furnish useful information as to the castings, at a subsequent period. 

Section IIL — Clmsificaiion and passing of metal. 

Art. 32. The metal will be placed separately in the yards {parterres) 
according to its origin. That which has the same origin wUl be divided into 
as many Inuancesy^ as its physical character will permit to be 

established. 

Art. 33. ^ The classification of metal produced in the smelting furnaces of 
the foundries will be made at the same time for a considerable quantity of 
pigs of iron, once or twice a month at most. The classification of metal 
from the trade will be made on delivery, after its definitive acceptance. 

Every time that the metal is run the standard pig will be broken, in order 
to judge of the working of the furnace. 

Art. 34. The various shades of metal of the first fusion will continue to 
be designated by the denominations long used in the establishment. They 
will receive, in addition, a number shewing their order. No. 1 will be the 
greyest shade. The metal of the second fusion will receive the same 
numbers as those of the first fusion, to which they can be assimilated; or 
higher numbers, if the assimilation is not possible. 

Art. 35- The metal of the second fusion will be classed according to the 
aspect of their fracture, comparing them as much as possible with metal of 
the same sort already classified. 

Art. 36. The classification of the metal will be the care of the officer 
charged with the inspection of the smelting furnace, assisted by the govern- 
ment foreman and the master-founder. This classification will not be definitive 
till it has received the approbation of the director. 

Art. 37. The metal which is bought at the works of the trade will be 
chosen by the director or the officers he may delegate, keeping clear of 
extreme shades {nuance) and textures, which ought not to be admitted in 
the manufacture of guns. 

Art. 38. The metal to be passed should be of one founding, and pro- 
duced from the same ores. Every lot should be of at least 80,000 kilo- 
grammes (176,800 lbs.) This lot on delivery wiR be proved. In case the 
total delivery should be more considerable, proof should be taken on every 
100,000 kilos. (221,000 lbs.) at the most. 


^ sEade : as wliite, grey, mottled, but used to iaolude all other physical distmdicma- 
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The contractors will be required to keep and esMbit a regular registry of 

tlieir castings certiM by themselves. ; ^ -n i 

Art. 39. Out of the metal chosen as specified in Art. 3? will be taken 
that whicli is required for the trial gun,^ as pointed out in Art. 40. ^ ^ 

If the gun bears the proofs the lot will be received ; otherwise^ it will be 
rejected, as no more metal produced from the same founding can be received. 
Still a second proof may be made, under the authority of the minister, 
according to the results of which the director will give Ms opinion as to the 

reception or rejection of the said metaL 

Section IN .—MiMure of metals. 

Art. 40. The mixtures submitted for the approbation of the minister 
will be defined by their kind, their origin, and their shade \mmme) , The 
castings from these mixtures will be assorted in such a manner as to cause 
them to take the shade which is recognized as good in the establishment for 
the calibres to which each of them is destined. The mixtures will be pre- 
sented in the form of a schedule, on the following model 


Name of Foundry. Mixture No. 


Description, origin, 
and appearance of the 
metal. 

Proportions 
bj origin. 

Number of 
tbe Class. 

Muance, 

Proportion 
by Glass, 

N'mnce, 

Mean result- 
ing Class. 

N'limice, 

Eemarks. 

First ( 
melting. 1 

Second j 
melting. 1 



" - ■ ' " ' . 




Wlien a mixture has been determined on, and proved in one or more 
calibres, it will be reproduced as exactly as possible, both in origin and 
shade, whenever guns of the same calibres are to be manufactured. 

Art. 41. The mixture for the gun of 30, No. 1, used for passing the 
metal received, will contain at least 50 per cent, of the metal which is to be 
tried. The proportion of metal of other origin which enters into this 
mixture, will be determined in each foundry, so as to come as near as 
possible to the mixture approved for current manufactures. This mixture, 
when once determined upon, will remain as the standard in the foundry for 
each supply. 

Art, 42. The mixtures of metals for the current manufacture of guns, 
cannot be admitted until they have borne the extraordinary proof of the 
Calibres for which they are destined. 

The mortars h plague^ of 32 centimetres (12*60 in.), will be cast of the 
mixture used in the foundry for the largest calibre experimented upon. 

Art, 43. Whenever, in consequence of a change in the state of supplies, 
it is necessary to modify this Mnixture, the director will report to the 
minister, giving his reasons as to the advisability of a new proof. The 



f SE EOmi^ .AEmMEir ihstitotioh. 


81 


modified mixture wil not be brought into use until authority shal ha¥e 
'been recei?ed« 

Section T.- — On the mma^ement of remriermfor^ fnrmcee^ md on the 
mmufactnre of gum^ 

Art. 44. No metal of first fusion, whatever be its origin, will be employed 
in the manufacture of guns, unless it shall have borne the extraordinary 
proof, as pointed out in Art. 72. 

Art. 45. The coal employed in the manufacture of guns should be 
chosen of the best household quality {premiere qnalitS pent la grille), and 
the supply should contain as much lum]> coal as possible. 

Art. 46, The furnaces will be charged in such a manner as to present 
the pieces most difficult to melt to the sharpest action of the fi.re. The 
metal will be placed upon bricks, so as to be surrounded in the most 
complete manner by the flames. The fire will be managed so as to obtain 
complete fusion and the highest temperature in the shortest possible time, 
and that care must be taken that simultaneous fusion should take place in 
the furnaces of which the products are to be united. 

Care will be taken, before charging the furnace, to make a little barrier of 
loam perpendicular to the axis of the furnace. This harrier, which is 
intended to prevent the first fused metal from running to the vent before 
this part is well heated, will be removed at the fitting time by the founder. 

During the fusion, the door by which the furnace is charged will not be 
opened, except in case of absolute necessity, and the stirring of the metal 
will be made, if it is considered desirable, through the small door {porte dn 
regard) made for watching the progress of the smelting. 

Art. 47. Wlim possible, the maximum charge for furnaces actually in 
use, will be 2400 kilogrammes (5294 lbs.}, and must not in any case exceed 
2600 kilogrammes (5735 lbs.) 

Art. 48. The government foreman will keep specially for the rever- 
beratory furnaces a journal analogous to that pointed out in Art. 31 for the 
smelting furnaces. He will inscribe in this Journal, — 

(1) The numbers of the furnaces whose products have been united. 

(2) The origin of the metal, weight, aspect of fracture, its shade and 

number, in order. 

(3) The time employed in the fusion, 

(4) The kind and quantity of the combustible employed. 

(5) The appearance of the metal when run. 

{6} The number of the piece cast, 

(7) The other products obtained from the rough metal, slag, clinker, 

(8) The accidents which may have occurred during the fusion and sub- 

sequent operations. 

He will add anv useful details, \ ^ i 
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Art. 49. No gun is to bo cast without tbo officer charged with the 
maiinfacture of metal castings being present ; he will make a preliminary 
inspection of the preparatory arrangements, and will receive a report of the 
state and circumstances of the fusion from the government foreman. The 
other officers will be present at the easting if the director thinks fit. ^ 

Art. 50. The greatest care will be taken that the furnace contains stuff 
enough to cast the piece, and to give the proper length to the dead-head. 

iS. 51. ‘When the product of several furnaces is to be united in one 
casting, all the furnaces are to be unstopped at the same moment, so that 
the melted metal may become amalgamated in the one canal through which 
it must pass before entering the mould. 

At the same time, the unstopping is to be made only when the whole of 
the furnaces have acquired a sufficiently high temperature. 

Art. 52, Every piece of which the metal shall bubble {5onillonnera) 
after the casting, shall be rejected, if, after the breaking off the mould, the 
honeycombing shall be found anywhere but in the dead-head. 

The mould is to be removed in not less than twenty-four hours after the 
casting ; the piece still hot will be placed under shelter from the rain. 

Art. 53. Whenever a gun is cast, it will receive a number inscribed in 
the registry of manufactures ; this number, which will belong to the piece 
when finished, will be marked on the cascable and dead-head on the removal 
of the mould, even if the piece should have failed in casting. On this 
account, an uninterrupted series of numbers, which will recommence wdth 
each year, will be established in every foundry for every gun of the same 
nature. 

Art. 54. When the mould has been removed, every gun will be scraped 
with the graver, to remove any sand which may adhere to it, as well as the 
seams, knobs, and other irregtdarities which alter the exterior fonn. 

The gun will then be examined, and only passed to be finished in case 
its defects are within the limits of toleration. 

Art. 55. After this examination the dead-head will be cut off, and the 
operations of centering, boring, and turning will be proceeded with. 

The centering of the gun will be made in relation to its exterior surface, 
by making it turn on the beginning of the first reinforce, and on the end of 
the chase, and turning a centre on the cascable. 

Art. 56. After the boring, and when it has been established that the 
dimensions come within the regulated limits, the swell of the muzzle will be 
turned. Account must be taken in this operation of the diameter of the 
base-ring of the breech, and of the eccentricity in the vertical plane of fire. 
The turning of this part will be so performed as to have tke angle of the 
line of metal comtant. 

The other operations of finishing the gun will then be proceeded with ; 
last of all the vent will be drilled ; its exterior orifice must be in the vertical 
plane. 

Art. 57. There will be en^aved on the breech, following its contour at 
equal distance from the base-ring and cascable, — 

^ (1) The number of the piece. 

, . , (2): Designation of Ae calibre. 

(8) Weight in kilogrammes. 
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^ ;■ Name .of 'tie' fonn 

■ '■ (5) The date* _ ' , ■ 

At of artillery and government foreman will watch 

tliese operations^ and assure themselves, by frequent verifications during 
the process of boring, that the borers have no irregular motion, shewing that 
their working is deranged. 

Art. 59. The government foreman will keep a note-book for the purpose 
of recording the result of the examinations prescribed by Articles 54 and 56, 
as of any others to which the piece is subjected. 

Section TI.* — ordinary proofs and pmsing of smooth'-hore 
ffuns. 

Art. 60. The guns being finished, they will, before being proved, be 
subjected to a general examination, made in conformity with special instruc- 
tions given to that efiect by the minister. The object of this examination is 
to record in positive terms all the defects of dimensions, or others which the 
piece may have. 

Art. 61. The guns which, in the examination directed in the preceding 
Article, have not shewn defects exceeding toleration, will be submitted to 
the ordinary proof, following as much as possible the order in which they 
were east. 

In this proof the guns wdU be placed on the sledge-carriages in use, and 
they will be pointed at the angle nearest to 3°, but alw'-ays in such a manner 
that the shot may surely strike the butt. 

Art. 6*2. A W'arning signal gun will be fired before commencing the 
proofs ; and during their course a red flag will remain flying on an elevated 
spot, so as to be easily seen by the neighbourhood. 

The guns will be fired with a slow-match, which will permit the gunners 
to be under cover, in case of a gun bursting. In short, no precaution 
against accident is to be neglected. 

Art. 63. The powder, cartridge-bags, and spherical projectiles used in 
the proofs, must fulfil the conditions required by the naval service. The 
cartridge-bags wiU be made on the mandril which is the regulated one for 
the naval service at the time. 

The wads will be of hay, and will weigh one-thirtieth of the weight of 
the spherical shot ,* they -will be one calibre in length and diameter. 

The powder will be weighed and put into cartridge-bags in presence of 
one of the officers of the commission and the government foreman. 

Art. 64. The ordinary proof for all guns (with the exception of mortars) 
wiU consist in two shots fired consecutively mth the largest charge of 
powder used in the naval service, in conformity with the schedule annexed 
to the present decree. 

Art. 65. Eor guns, howitzers of SO, and carronades, the charge will 
consist and will be fired as follows: — The indicated charge of powder, a 
wad of hay, two shot and a second w^ad of hay — ^ram down twice on each ^ 
wad. Tor howitzers the charge of powder indicated, a wad, a spherical solid 
j&liot of the calibre of the shell, and a second wad on ihe projectile. 


' 8 ^ 
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Art. 66. After tlie two rouBds lia^e been fired, as prescribed in Art. 64, 
tbe gun will be cleaned and searched to find ont^ the effect^ of the proof. 
The result of this examination will be noted down in prooes-verbal of the 

Art. 67. All the operations, inspections, and proofs prescribed in the 
present section shall take place in the presence of a coininittee, presided over 
by the director of the foundry, and composed of all the officers of artillery 
employed in the establishment together with the chef^oimrier d^eM. The 
civil officer agent ad 7 mnktmi^f be warned and may attend and take part 

when he thinks fit. n t 

Art. 68. All operations, examinations and proofs prescribed under the 
present head, will be recorded in ^ proch-verbal for each sort of gun 

of the same calibre. This proch-verbal will comprise not only the pieces 
which have been proved and passed, but those also which have been rejected, 
from whatever motive; or those which, being in the case specified by 
Art. 83, have not yet been classed by the minister, so that the series of the 
numbers may not be interrupted. 

Art. 69. The director mil address to the minister a precis of all the 
proch-verhaiix. He will send the guns away only when he hears from the 
minister that the proces-verimw have been approved, and the guns may be 
dispatched. He will send with the guns to the prefect maritime of the port 
a copy of the proch-verham. 

Art. 70. If a gun burst in the ordinary proof, the director will report 
immediately to the minister, and give an account of the causes of the 
accident. 

Section VII. — On tie extraordinary proof and the proof of continuom 
firing. 

Art. 71. Extraordinary proofs will be made, — 

(1) On passing metal. 

(2) On proving the mixtures of current manufacture. 

(8) When a gnn has burst with the ordinary proof. 

(4) When a new nature of gun is to be introduced into the naval service. 

(5) Each year, on one or more guns out of the number ordered, accord- 

ing to the number. 

Whatever may be the end proposed in making this proof, it must never be 
made except under orders of the minister, except in the cases anticipated 
in Articles 20, 22, and 25. Every piece submitted to this proof should have 
undergone the ordinary proof. 

Alt, 72. Guns will be proved partly with spherical shot, partly with 
cylinders, and a series of increasing charges, as pointed out in the schedule 
of proofs annexed to the present decree, A wad of hay will be put on the 
cartridge, and one on the last prcj^ctfle : two blows will be struck home on 
the wad. The number of rounds 4hat guns should bear before being passed 
will be hereafter fixed, and after the results of the first extraordinary proofs. 
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Art. 73. Tlie extraordinary proofs of shell guns and carronades will he 
made in an analogous manner, but with a single charge of powder equal to 
the heaviest charge in use in the naval service. The howitzer of 2.^ centi- 
metres (8*66 in.) will be equally proved with the heaviest charge of powder 
and with cylindrical projectiles. The mortar a plaque of 32 centimetres 
(12*60 in.) will not undergo the extraordinary proof. 

Art. 1% The spherical shot will be those of the service. The cylindrical 
projectiles will have the same windage as those of rifled guns of the same 
calibre ; and for smooth-bores a windage in proportion to that of rifled guns. 

Art. 75. When the extraordinary proof has been ordered in consequence 
of the bursting of a gun in the ordinary proof, this proof will be applied to 
another gun taken from among those wliich were tried at the same time as 
that which burst, and cast from the same metal under the same circumstances. 
The orders of the minister will then be taken, a report having been made to 
him of the proof in the form prescribed by Article 76. 

Art. 76. A special will be made of every extraordinary proof. 
This proch-verhal will indicate the weight, origin, kind, and shade (nuance) 
of the metal which has been used in the manufacture the duration of the 
fusion, and the important incidents of the casting. 

It will shew the result of the examination of the gun, the greater or less 
facility wdiich has been found in the boring, and the time employed in that 
operation; the duration of the proof; the number of rounds it has borne; 
the number of pieces into which it has burst ; also the shade of the metal 
observed at the fracture of the dead-head, and in the pieces of the reinforce. 

The title of the prock-verbal will shew the object proposed in making the 
proof; the circumstance which occasioned it, as well as the facts which have 
been established. > 

Art. 77. When a new nature of gun is introduced into the naval service, 
two pieces of this nature will be made in each foundry one will be put to 
the extraordinary proof, the other to that of continuous firing. 

Art. 78. The proof by continuous firing will consist in flring carried on 
under the ordinary conditions of service with heaviest service charge, md 
continued up to the number of rounds directed by the minister. The piece 
will be washed and examined after every 25 rounds. The interval between 
each should not be less than a minate and a half, and not more than two 
minutes. 

Art. 79. The arrangements prescribed by Articles 62, 68, 67, and 73 will 
be observed in the extraordinary proofs. All extraordinary proofs will be 
made in the foundries, unless special orders are given to the contrary. 

The proofs by continuous fixing will be generally made in the ports, and 
by preference at Gavre. 

Section Till . — Bified cannon. 

Art. 80. The manufacture of rifled cannon will be subjected, as to their 
founding, boring, and finishing, and all that belongs to it, to the regulations 
contained in the present decree. ^ • i? -ja 

In addition, according to the requirements of the establishment of rifled 
guns which wiE compose this artillery, special ministerial instructions will 
be giveut 
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Art. 81. The ordinary proof of rifled cannon will consist of two rounds 
with tile heaviest service charge, a wad rammed down on the cartridge, and a 

service ogivo-cylindrical shot. ^ - 

The extraordinary proof of rifled cannon will he carried out upon these 
guns unrifled, like that of sinooth^-bored gims of the same calibre. 

The first proof will establish the number of rounds to which the extra- 
ordinary proof of these guns ought to be limited. The proofs by continuous 
firing iili be executed under the conditions of the service, and in conformity 
with particular orders. And in all that is not foreseen, the Section VI. of the 
present decree will be conformed to. 

Segtiok XI . — General arrangements. 

Art. 82. "When, in the course of manufacture, or after proof, a gun 
presents defects exceeding the toleration, ‘but which do not appear to rmider 
it unfit for service, the director will report to the minister and await his 
orders. In the meantime this gun will be considered on sufferance, and 
its completion be suspended. 

Art. 83. Every gun which has defects exceeding toleration, and which 
would render it unfit for the service, will be rejected. One of the trunnions 
will be immediately broken, if it is a gun or a howitzer; if it is a carronade, 
a large piece will be broken off the loop. 

Art. 84. Xo change will be made, even as an experiment, in the ordinary 
process of manufacture, in the disposition of the furnaces, or in those of the 
principal machines, without the authority of the minister. 

Art. 85. When the minister shall have authorized the use of the smelt- 
" ing furnace the director will report to him the arrangements he has made 
concerning it, and will await his instructions before lighting the fires. 

Art. 86. The director will conform to the instructions which w^ill be given 
him by the minister concerning all operations not foreseen by the present 
decree. 

Art. 87. When a gun bursts on service, a report will be made to the 
minister, who, after receiving information, will decide whether one or more 
guns of the same manufacture should be proved, and the mode of proof to 
be employed. 

Art. 88. The former decisions and regulations, and particularly the ordon- 
nance of the 26th November, 1786, and that of the 24th April, 1837, are 
hereby abolished. 

Art. 89. The ministerial instructions, 29th April, 1887, will be revised 
and put in accordance with the prescriptions of the present decree, of which 
the execution is confined to our minister Secretary of State for the Marine. 


Pasis, Feb. 9, 1859, 


(Signed) NAPOLEON. 

HAMELIN. 
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Table of Ordinaby Proofs, 


Table of Extraordinary Proofs 


Ko. of 
rounds to 
be fired. 


■Weight of 
charge for 
each round. 

"klL fbiT 

8*33 18*38 2 spherical solid shot 

id „ 1 cylindrical shot, weighing 

id j, 1 jj i} 

12*50 27*57 1 „ id „ 

15*00 33*09 1 „ id ,, 

6*00 13*23 2 spherical solid shot 

id „ 1 cylindrical shot, weighing 

id „ 1 „ id „ 

9*00 19*85 1 „ id „ 

10*80 23*83 1 „ id „ 

6*00 11*03 2 spherical solid shot ^ ........ 

id ,, 1 cylindrical shot, weighing 

id ,, 1 » 

7*50 16*54 1 jj id }, 

9*00 19*85 1 „ id „ 

3*00 6*62 2 spherical solid shot ........ 

id „ 1 cylindrical shot, weighing 

id ,, 1 jy id jj 

4*50 9*93 1 „ id „ 

6*40 11*91 1 „ id 

2*50 0*51 2 spherical solid shot ........ 

id „ 1 cylindrical shot, weighing 


jXature and number of projectiles for 
each round 


NTature of 
Ordnance. 


60 110*28 20 

75 165*43 20 

75 165*43 20 

75 165*43 To bursting 


Canon de 50 


36 79*41 20 

54 119*11 20 

64 119*11 20 

54 119*11 To bursting 

20 

30 66*17 20 

45 99*26 20 

45 99*26 20 

45 99*26 To bursting 

20 

SO 68*17 20 

45 99*26 20 

45 99*26 20 

46 99*26 To bursting 

20 

SO 66*17 20 

45 99*26 20 . 

45 99*26 . 

45 99*26 To hurstaf 


Canons de 30,Hos. 
1 et 2, et canon 
de 30 ray 4 


Canon de 30, Ho. 


Hature of Ordnance. 

■Weight of charge 
for 

each round. 

Hature and number 
of 

projectiles for each round. 

■p-'.l 

^ Is 


kO. 

lbs. 

'* 


Canon de 50 

8*33 

18*38 

2 spherical solid shot 

2 

„ de 36, Ho. 1 

6*00 

13*23 

id 

id 

,, de 30, Hos. 1 and 2 

6*00 

11*03 

id 

id . ■ 

„ de 30 ray4 ann4e 1858 

3*50 

7-72 

1 ogivo-CTlIndrical shot 

id „ 

,, de 30, 1^0. '3 ' 

3*00 

6*62 

2 sphericm solid shot 

id 

' . „ de30,.Ho. 4 ............. .........-'i. 

2*60 

6*51 

. _ id ' 

' id . . 

■ „ de 24, Ho. 1 

4*00 

8*82 

id 

id 

„ de 18, Hos, 1 and 2 

3*00 

6*62 

id 

id 

„ de 12, Hos. 1 and 2 

2*00 

4*41 

?! 

1 id ■■ 

„ de 12, Ho. 3 ........................ 

1*60 

3*31 

id . ■ . . 

id 

Canon-ohusier de 30 

2*00 

4*41 

id 

id 

Obusier de 22 centimetres. Ho. 1 

3*60 

7*72 

1 spherical solid shot, same 
diameter as shell 

id 

„ „ , , Ho. 2 ' ... 

3*00 

6*82 

id 

id 

Morrier de 32 centimetres a plaque ... 

14*00 

30*94 

1 shell,* extra weight, 94kil. 

4 

Caronade de 36 

2-00 

4*41 

2 spherical solid shot 

id 

„ de SO 

1*60 

3*53 

■ id 

id 

„ de 24 ! 

1*30 

2*87 

id 

id ! 

dels.... 1 

1*00 

2*21 

id 

S 1 

„ de 12 

0*65 

1*43 

id 

id 
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1 ISTatureof 

Ordnance. 

Weight of 
charge for 
each round. 

Nature and number of projectiles for 
each round. 

: No. of 
rounds to 
be fired. 

Canon de 24, Ko*. 

Canons de 18, Nos. J 

1 et 2 1 

Canon de 12, Kos. \ 
1 et 2 j 

Canon de 12, No. 3 

Canons-obusiers < 
de 30 t 

Obusiers de 22, 1 

No. 1 ) 

Obusiers de 22, S 

No. 2 1 

Oaronade de 36 ... 
Caronade de 30 ... |^ I 
Caronade de 24 ... |^ 
Caronade de 18 ... 

Oaronade de 12 

kil 

4*00 

id 

id 

6-00 

7*20 

3- 00 
id 
id 

4- 50 

5- 40 
2'00 
id ! 
id 

3-00 

3*60 

1*50 

id 

id-. 1 

2.25 

2-70 

2*00 

id 

id 

3*50 

id 

id 

id 

S'OO 

id 

1 

id 

2*00 ! 
id 

id I 
1 1*60 
id ! 
' id 
1*30 
id 
id 

1-00 
id : 
id 1 
0*65 
id 
id 

lbs. 

8*82 

» 

13*23 

15*88 

6*62 

33 

33 ■ 

9*93 
11*91 
4*41 '1 

J5 

6*62 

7*94 

3*31 

4*96 

5*96 

4*41 

33 

33 

7*72 

33 

33 

■ y 33 
6*62 

33 

33 

' 33 

4*41 

' 33 1 

33- 1 

3*63 

■■ i 

33 i 

33 

2*87 i 

■' 33. . 

33 

2*21 

- 33 

33 

1*43 

33 

. .. kil. 

2 spherical solid shot ^ 

1 cylindi'ical shot, weighing 24 

1 „ id ,, 36 

1 „ id „ 36 

1 „ Id „ 36 

2 spherical solid shot 

1 cylindrical shot, weighing ...... 18 

1 ,, id 33 27 

1 jj ifi 33 27 

1 „ id „ 27 

2 spherical solid shot 

1 cylindrical shot, weighing 12 

1 „ id „ 18 1 

1 „ id » 18 i 

1 „ id „ 18 

2 spherical solid shot 

1 cylindrical shot, weighing 12 

1 „ id „ 18 

1 ■ id „ 18 

1 id „ 18 

2 spherical solid shot 

1 cylindrical shot, weighing 30 

1 „ id „ 4<5 

1 „ id „ 60 

2 cylindrical shot, each weighing 60 

8 ,, id ,, 

^ }?/ id » 

1 cylindrical shot, weigliiug 60 

2 cylindrical shot, each weighing 60 

i 8 „ id ,, 

4 : „ id j> 

2 spherical solid shot 

1 cylindrical shot, weighing 36 

1 id „ 64 

2 spherical solid shot 

1 cylindrical shot, weighing 30 

1 „ id „ 45 

2 spherical solid shot 

1 cylindrical shot, weighing 24 

1 ^5, id J3 30 

2 spherical solid shot 

1 1 cylindrical shot, weighing 18 

1 1 « id „ 27 

1 2 spherical solid shot 

1 1 cylindrical shot, weighing 12 

1 „ id „ 18 1 

lbs. 

62*94 

79*41 

79*41 

79*41 

39*70 
69*65 
59*55 
69*55 ■ 

26*47 

39*70 

39*70 

39*70 

26*47 

39*70 

39*70 

39*70 

66*17 

99*26 

132*34 

132*34 

. 132*34 
132*34 

79-41 

119-11 

66*17 

99*20 

62-94 

79-41 

39*70 

59*65 

26*47 

39*70 

20 

20 

20 

20 

To bursting 

20 

20 

20 

To bursting 
20 

20 

20 

20 

To bursting 

20 

20 

20 

To bursting 

20 

To bursting 

10 

10 

To bursting 

10 

10 

To bursting 

20 

To bursting 
20 

20 

To bursting 
20 

20 ^ 

To bursting 
20 

20 

To bursting 
20 

20 

To bursting! 


NoTE.—for ordinary charges tlie cartridges will be tbe same as those of the service; and for 
stronger charges they will be prepared npon mandrils of the same diameter and of the necessary length. 

The spherical solid shot will be those of the service. 

The cylindrical proof shot will have the same windage as the ogivo-cylindrical shot of the same 
diameter. They will he rounded at both ends. 

The proof cylinder of the howitzer, and the cylinder equal to two round shot used in the proof 
tfS ad other guns, will be a calibre and a half in length. A cavity will be made in each, for regulating 
the weights of these projectiles. ^ & o 

Two hay-wads will be used in each round, ohe on the powder, the other on the last proiecfcile. 

The wads will be rammed home with two Mows. 

The weight of the wad will be one-thirtiedb of the spherical solid shot, and of the same length 
und diameter as the gauge of the bullet. 

For the proof of howitzers of 8'66-in., the cylindrical shot will be separated by a wooden bottom, 
10 centimetres (3*94-in.) long. r ^ 

After each ^ries of 10 rounds the practice will be suspended, the gun scraped, washed, and 
ex^med ; an impression of the orifices of to vent will be taken, and the increase in the passage 
m this latter be measured by the cyHndncal sound. 

The headings of this table being oidy jwrifiional, careful study and observation will be made 
during the proofs, with a view to any mcwifici^ione which may be advantageously applied to it, to 
determine the most advantageous plan of executing these proofs, and to regulate as much as possible 
the proper mtermls of time be Ween each sfe%e (stocc), each series, and each round of the proof. 

Every estraordinaiy proof will be preceded by the or&iary proof, whatever the nature of the gun. 
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ACCOUNT 


BXFEEIKEMS AGAINST IRON ^ PLATES, CARRIED ON AT, SHOEBDRYKESS, 
ON THE 8xh APRIL, 1862, 


[EUllNISHED BY CAPTAIN E. J. BEUCE, B.A.]^ 

1. Experiment carried on against the Jfhmor targeif 

IL Experiment against the Committee target^J on which latter^, since 
previous experiment on the 44h March, 186^, the following alterations have 
been made : viz. 

Upper Plate . — On the left half of this plate, rivets, having conical heads, 
had been substituted for bolts, and vulcanized india-rubber washers inserted 
behind the bolt-heads on the right half of the plate ; there being no inter- 
vening substance between the plate and the skin. This part of the target 
therefore remained as iron on iron. 

Lower Plate. — One-quarter inch thickness of felt dipped in tar had been 
inserted between the skin and half the length of the plate on the left side, 
the fastenings being rivets. On the right half of the plate, i-in. thickness 
of vulcanized india-rubber had been 'inserted between the skin and plate; 
bolts having nuts and india-rubber washers were used lor fastenings. A few 
of the bolts had spun-yarn instead of india-rubber washers. 

Centre Plates . — These plates had suffered most from the firing at the late 
experiment, and had been refastened with bolts having four washers (three 
of lead and one of iron) under the bolt-heads; they were not fired at, 
on the present occasion. 

Eange 200yds. 

'^WARRIOR » TARGET. 


PronL 


Inner skin fractured and 
bulged in; strong iron 
ribs broken in two ; two 
nuts of bolts broken off. 


150 lbs. 

spherical 

cast-iron. 


MIITOTES' Of ■FBOGEEBlirOT Of 



300-pr. 40 


160 lbs. 
spherical 
cast-iron. 


Hit the target a little to the right of the 
previous shot. 3' 2'' of the plate 
smashed and the wood exposed. A 
piece of the plate 2' 3" x If' broken 
away. 


Struck the lower plate on the right side 
of the port-hole. Made a clean hole 
11" diameter. Centre of the hole 1^ 3^' 
from the bottom of the plate. Two 
cracks extended to the bottom of the 
plate, hut independent of the shot hole. 

Hit the top plate in the centre of the 
right side. Made a hole 11"*6 dia- 
meter, and the shot broke up in it. 
Depth of hole 18^. 


Skin broken up; a second 
rib broken. The former 
broken rib driven clean 
out and bent back at a 
considerable angle and 
smashed. Portions of 
shot, wooden backing, 
&c. driven right through. 
Large irregular hole. 
The great square tim- 
bers (side view) form- 
ing the backing to the 
plates were shattered, 
and the fibre of the wood 
seemed to be drawn 
through the entire length 
of the beams by the pas- 
sage of the shot at the 
place of fracture and 
penetration, 

llTothing perceptible but a 
few splinters of wood 
raised up from the foot 
of the target, and a few 
nuts loosened. One 
broken off. 

Struck where the inside 
skin was supported at 
top by two beams with a 
total of about 2 ft. square 
solid timber (thus hiding 
the full effect of theshot) ; 
but, where it could he 
seen, the skin was bulged 
in, and the 2 ft. of solid 
timbers supporting were 
cracked right through. 
Also heavy beams like- 
wise giving support (at 
right angles to target) 
were started, and solid 
granite blocks in rear 
were shaken. 

To be regretted that the 
back of the target, at the 
seat of the injury, could 
not be seen, being" hid by i 
the beams referred to.* 


The ** Warrior** target has since been taken to piecses, and it has been clearly ascertained that 
ihk shot, though it cracked the inside skin, penetrated through the teak backing to the extent of 13 in. 
cmly, leaving a depth of 6 in, of the wood backing into wliich no jragmnt of the shot had forced 

' V",.. , 






Ten rounds were fired at the figM side of lower plate. 
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Tive rounds were fired at the left side of lower plate. 


16 sliell filled Struck on junction of middle and lower 
with s^d plates 4' from left side of the target, 
half the indent being on each plate, 
©epth of indent 1"’8, diameter 10", 

12 „ Struck the target 2' 3"*76 from the left : 

side and 2' 6" from the bottom of the ; 
lower plate. Made a slight indent, ^ 
A bolt started. 

^ j. Hit lower plate 3' 11" from the left side 

and S' 7" from the bottom, making a 
slight indent, 

” Struck on the centre plate, 

16 „ Hit on lower edge of the ^rt-hole7" 

from the left side, A piece of the 
i plate 9"' 5 long and 2" wide broken off 

I and a crack 6" long extended from a 

I bolt-hole in the lower plate. Indent 

I l"-7« Diameter, 9"'b 


A few small rivets, merely 
uniting the angle-iron to 
skin of ship, were broken 
off, A slight crack (very 
alight) on one of the 
angle-irons where it 
joined one of the iron 
supporting ribs. 

Some of the lead washers 
of the through bolts {in 
the neighbourhood of 
Mows) drawn thinxier 
and worked loose; india- 
rubber washer much 
compressed. 


13 shell filled Struck the centre plate, 
withpowd. 

16 ,, Hit on the junction of centre and lower 

plates, and 1'95" from the port. 
Depth of indent 1"*2, diameter on lower 
plate 4", 

12 „ Hit the plate 7" from the top, and 2 ft. 

from the port. Slight indent. 

Hit the plate 14" from the top, and 3' 7" 
from the right side of the target. 
Slight indent. 

X6 Hit the plate 8"’S from the top, and 

” 1' 9"-6 from the right side. The 

second and third bolts from the right 
in the top row started, the latter 5". 
Indent 1"’25, diameter 9" 

14 sohd shot Hit the lower plate on the right side 

1' 11"‘5 from the port, and 8"*5 from 
the top. Indent 2"*05, A crack 16" 
long across the centre of the bulge, 

16 , Hit the plate 3" from the top and ^ 11" 

from the port. Indent 2"*3, diameter 
8", A crack lCK'-25 long across the 
bulge, 

14 „ Struck the centre plate. 

Hit the plate 9" from the top, and 3' 5" 
from the port on the top of a bolt 
which had previously been started. 
The bolt was drawn. Indent 2"‘55, 
diameter 6"*5. A crack 7"’6 long ex- 
tended from the bulge, 

20 140 lbs. Hit the plate l'*6" from the top, and 

shot, 4' 11" from the right side. Indent 
2"*9, diameter 8". Slight crack across 
I the centre of the bulge. 


Two bolt-heads broken off, 
but none gone in the 
bottom plate where ^ a 
y sheet of vulcanized india- 
rubber intervenes, Ho 
other trace of injury. 


Two ribs broken clean 
through. Five angle- 
irons broken. Skin frac- 
tured and forced out in 
> pieces behind, along with 
parts of the india-rubber 
sheeting. One of the 
through bolts had the 
he^ broken off. 


MINUTES OS’ PEOCEEDINGS OE 


16 110 pr. 


JLO 

L n 3 


2S 120-pr. 


10 iiat-headefl 
bolt 200 lbs. 


20 140 lbs. 

shot. 


30 llO-pr. 


33 120.pr. 


23 110-pr. 14 solid shot 


24 

25 

26 68-pr. 


Bid no apparent damage. 


Slight bulging of skin 
juerely. 


Filled ' at left side of tlie lower plate. Bid not fire together. No 
Bid no apparent damage. visible effect. 


20 140 lbs. 

shot. 


Hit the left side of lower plate 1' 9^'-5 
from the bottom, and 3'^ 10"‘5 from 
the left side. Bepth of indent 2'‘'*25, 
diameter 7^^ A crack across the bulge. 

One 110-pr. of this number struck the 
centre plate. 

''These shot made a hole (triangular) 
with a base 1' 7" long, and sides 1' 10" 

J long, on left side of lower plate. A 

1 wide crack extended from the bottom 
of the hole through some old shot 

^ marks to the bottom of the plate. 

Hit just below the hole made as above. 
Indent 2", diameter 9". 

Six shots were fired at top plate on lefi 
side of target. 

Hit on a rivet -which was forced out. 
Indent 2"*3, diameter 9". 

Hit the plate 1' 4'' from the top, and 5' 1" 
from the left side. Indent 2"*1, dia- 
meter 9". 

Hit (*/' from the top. Indent 2"*35. A 
crack extended from a bolt-hole to the 
top of the target. 

Hit 1' 3" from the top. Indent 2"*05. 

Hit y 8" from the top. Indent 1"*8 
Two cracks across the bulge. 

Missed the plate. 


Huge fracture with hole. 
A large piece of solid 
plate driven through 
with other debris. Two 
ribs broken across. Skin 
bulged out, torn, and 
bent up nearly at right 
angles. A through bolt 
driven out with the rest. 
Solid timber sdpport at 
foot of target cracked 
through. 


One rivet Avas driven out, 
but not broken. 14" of 
the backing of the skin 
broken off. One bolt 
)>■ with spun yarn washer, 
driven back and part of 
the rvasher destroyed, 
but holt apparently un- 
injured. 


Pired at ri^/d lialf of top plate ; four shots struck the plate. 


110-pr. I 14 I solid shot. 1 Made an indent 2"*5. 


Two shot struck on a rivet 6" from the 38" of iho backing of the 
bottom and drove it out. A huge [ skin was destroyed. One 
• crack extended to the bottom of the ^ rib broken across, and 
i plate. two juigle-irons. 

Hit V 5" from the bottom of the plate. 

Made an indent 2"‘l. Biameter 7". 

Huge crack across the bulge. 

The lower plate had buckled 1 in. on the right side, hut the bolts were 
uninjured. The left side was buckled 1"*25, but the rivets were 
uninjured. 
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PEEMAUfENT- , rOETS, AND, AlOYEABLl' FLOATING-' 'BATTEEIES AS , MEANS, OF 
. DEFENCE. AGAINST THE BOMBAEDMENT -OF ODE' AESEN AES AND, DOCK- 
YAEDS .B'Y AN ENEMY’S SHIPS. ■ ' ' 


By Lieut.-Col. E. M. BOXEE; B.A., E.B.S. 

SUPEEIXTEXDEXT KOYAL XiBOEATOKIES, EOYAI. AESEXAL, -VroOLWrCn. 

The new mode of protecting sMps of war from artillery fire by means of 
wrouglit-iron plates^, will^ in my opinion, materially affect the relative values 
of permanent forts and moveable floating batteries in preventing the bom- 
bardment of our arsenals and dockyards ; and, in certain cases, I believe that 
fixed batteries will be found useless ,* and/ unless^ w^^ are amply provided with 
powerful and well-protected moveable floating batteries, some of our dock- 
yards will be at the mercy of an enterprising enemy who may desire their 
destruction. 

In discussing this matter, which is one of vital importance at the present 
time, it will be better to take a particular example rcither than to deal in 
generalities ; and a better case cannot be chosen to illustrate the subject, 
than the one which has lately been brought so prominently before the public, 
namely, the harbour defences of Portsmouth. The first question is, then — 
"Will the combined action of these Portsmouth land batteries, afford any 
effectual jirotection to the dockyard and government storehouses, against 
bombardment by an eneiny furnished with properly constructed iron-clad 
mortar vessels and gun boats ? 

By a reference to the plan which accompanied the Beport of the Boyal 
Commissioners appointed to consider the defences of the United Kingdom 
it wiU be seen tliat the enemy^s ships need not come, at any time, nearer to 
either of the forts than 1000 yds.; that at this, the sliortest range, they 
would only be exposed to the fire of the two Spithead forts for a very short 
time; and, further, that after steaming rapidly between these forts, they will 
then be at liberty to take up positions about 4000 yds. from the dockyard, and 
about 2000 yds. from any of the existing or contemplated fixed batteries. 

Under these circumstances, is it probable that an enemy would be incon- 
venienced to any serious extent by the fire from the batteries, during the time 
they are working destruction in the dockyard atid storehouses ? 

In considering this point, it must be recollected, that the mortar vessels 
and gun boats would, without doubt, be constructed so as to present but 
a comparatively small object to fire at ; and that they would be in constant 
motion during the time they are exposed to our artillery fire. 

First, as to the probability of hitting the enemy^s ships. 

Upon this point, no doubt, great difference of opinion will exist, my own 
belief is — and I entertain very decided views on the subject — that, under all 
those comparatively UEjfavourable circumstances which it may be fairly assumed 
would attend the service of the guns, &c.,— even supposing m opposition is 
offered to the fire of the forts, and that it is in the daytime when the 


Mmvms 


operations are being carried on— the number of shot striHng the ships would 
be very small indeed^ as compared with the niimber fired j forj> however per- 
fect a gun may be in respect to accuracy of shootings ii would rarely be fired 
under the necessary conditions of elevation"’ to strike a moving object^ 
such as a mortar vessel or gun boat;, at a range of 2000 yds,> — and even if we 
assume, for the sake of argument^ that the shot which strike will penetrate, 
the enemy would, I believe, be able as a rule to effect their object before 
being obliged to discontinue their fire. lor, unless some vital part sustains 
serious injury, there is every reason to believe, as we know would be the case 
with a wooden ship, that the iron-clad vessel might continue its offensive 
operations after it had been repeatedly struck by our shot. 

Secondly, as to the effect hkely to be produced on the iron-clad vessel by 
the artillery from the forts. 

This is a matter about which little doubt need be entertained, in fact, it is 
one which will almost admit of exact demonstration. In considering this 
part of the subject we may, of course, leave out of account the present guns 
of the service; for as they have failed to penetrate a target similar in con- 
struction to the sides of Her Majesty's Ship Ifarrior even when fired at 
200 yds. range, and when placed under the most favourable conditions as 
regards the inclination of the face of the target to the trajectory of the shot, 
they would certainly do no material damage at 2000 yds., or even at the 
shortest range of 1000 yds.* 

An experimental gun has, however, been constructed sufficiently powerful 
to penetrate this target at a range of 200 yds., namely, a wrought-iron gun 
made on the new principle of construction and fired with a spherical cast- 
iron shot, weighing 150 lbs. 

This being an accomplished fact, and as there is little reason to doubt that 
safe guns of this description can be supplied to our fortresses and ships, and 
that they can be conveniently worked, if suitable arrangements are provided, 
we may fairly assume that the forts in question will be armed with ordnance 
equally powerful. It only remains, therefore, to be determined whether the 
projectile from this gun -vvould penetrate the sides of the enemy's slup at a 
range of from 1000 to 2000 yds. 

Although the present state of the science of gunnery will not admit of an 
absolute solution of the problem as to the loss of velocity sustained by a 
projectile in passing through a given distance, stiU w’-e have a sufficient know- 
ledge of the subject to enable us to determine the point in question, namely, 
whether the shot will have sufficient power to penetrate. 

The following table will shew, near enough for practical purposes, the loss 
of velocity due to the resistance of the air upon the 150 lbs. spherical shot 
fired with 40 lbs. and 50 lbs. of powder wffiile passing through spaces cor- 
responding to ranges of 200yds:i000yds. and 2000 yds. — ^from which it 
appears that the striking velocity at the shortest range namely 1000 yds. 
would be about 1160 ft. per second. Now as the 150 lbs. shot, when, fired 
with a charge of 40 lbs. of powder and striking with a velocity of about 1580 ft. 


* When this was wrlfeten it was believed that the target had been penetrated by the 150 -pr-; 
it has ^ce been ^btmd that the shot did not completely penetrate the target, 

there is no doubt however that this gun ts powerful to accomplish this at a range not 

ejBceeding aOOyds* 't:.-;-. _ ■ 
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per second, Med, under the most favourable conditions, to penetrate the 
target completely, it is quite clear that at 1000 yds. range when the Telocity 
is reduced to about 1160 ft., and wdien the shot would, in the majority of 
cases, strike the side of the ship obliquely, the 150 lbs. shot would fail to 
penetrate or to do any material damage. 


Eange. 

o 

■** . 

'^1 

If 

Charge. 

Approximate 

velocity. 

Approximate 
loss of 
velocity. 

Approximate 

momentum. 

OJ © , 

1 g'i i 

S 1 IL, *** 

.Sxf o ^ 

g g 

<1 ferq 

At muzzle 

lbs. 

160 

ibs. 

cm 

im 

1,766-4* 

1,726-4* 


265.000 

259.000 

7.313.000 

6.993.000 

200 yds ...... 

160 

f50 

im 

1,621 

1,685 

145 

141 

243.000 

238.000 

6.159.000 

5.889.000 

1000 yds ... 

160 : 

fSO 

(40 

1,166 

1,141 

600 

685 

175.000 

171.000 

3.186.000 

3.063.000 

2000 yds ... 

150 

(SO 1 
l40 

800 

786 

966 

940 

120.000 I 

118.000 j 

1,502,000 

1,4*16,000 


There are some persons, I am aware, who take it for granted that guns 
sufficiently powerful to destroy ships of war at 2000 yds. can be readily 
made and advantageously employed in land batteries. 

This, however, is a mere assumption, and considering all the circumstances 
of the case, it would appear to be a most unusual and unwise mode of pro- 
ceeding to incur an enormous expense in providing batteries for these 
imaginary guns. When these sanguine expectations have been fully realised, 
it will surely then be time to consider in what positions these extraordinary 
guns can be most advantageously placed. 

It will be interesting perhaps to notice, while upon this part of the subject, 
what probable effect the experimental gun lately tried with the 150 lbs. shot 
will have at ranges of 2000 an^ 1000 yds., when the contemplated change 
has been effected of making it into a 300-pr. rifle gun.f If we assume 
that the 800 lbs. shot can be safely fired with a sufficient charge to produce 
an initial velocity of 1300 ft. per second at a range of 1000 yds., the remain- 
ing velocity will be about 1050 ft, per second, taking the most favourable 
view of the case with respect to the resistance of the air. Now with this 
velocity the '^stored-up work,""^ or half vis viva/^ in the shot will be repre- 
sented by the number 5,201,000, and as the stored-up work in the 150 lbs. 
shot which failed to penetrate was about equal to 5,889,000 it is clear that 
the 300 lbs. rifle shot, even if fired under conditions such as to cause an 
enormous strain upon the gun, will fail to penetrate at the shortest range 


* Initial velocities, as obtained by O. S. Committee, with Kavez's apparatus, 

t The momentum of the 300 lbs. shot, having an initial velocity of 1300 it. per second, will be 
390,000 j the momentum of the 160 lbs. shot when fired with a chrn^ge of 60 lbs. was about 266,000? 
and, as momentum may be taken as a standard of comparison,in relation to recoil and strain, wtea 
firing difikfent w^hte of shot, it is dear that the strain tm to gun, wh»_, fired und«c cendSKW _ 

togiveanmmentumof a90,<K30withaaooibs.tot,woiddtoenni^^ 
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under the most favourable circumstances as regards direction ; surely no 
further argument is required to prove that the fortifications at Portsmouth, 
including the two Spitliead forts in progress of construction, would entirely 
fail to prevent the bombardment of the dockyard and storehouses, under 
present conditions, as regards artillery; and that we have no reasonable 
grounds for assuming that they will ever be found to offer advantages in any 
degree commensurate with the cost of their construction, armament, and 
maintenance. 

It only remains, now, to be considereci what advantage would be gained 
by substituting moveable floating batteries for the permanent forts. 

In the first place, it may be fairly assumed that a floating battery, con- 
structed specially for harbour defence, and intended, .at all times, to be 
within the immediate vicinity of the base of operations, would possess 
advantages, both as regards offence and defence, over the enemy^s vessels 
constructed for the object of bombardment, and which are necessarily 
required to act at a considerable distance from their base of operations, and 
that consequently in an engagement with these vessels we should have a 
decided superiority. 

As regards the armament of our floating batteries it is remarkable that, 
in the general discussion which has lately taken place on this subject, it has 
been asserted, that safe guns capable of penetrating the sides of iron-clad 
ships at a range of 2000 yds. can be made, and conveniently worked in lamd 
batteries — ^but that ordnance sufficiently powerful to act effectually against 
ships of war, constructed on the new principle, cannot be carried and 
properly served in 2 ^ floating battery. 

It appears to me, however, that it will be found far easier to construct a 
floating battery to carry the gun, than to make a gun capable of producing 
an effect so much beyond what has yet been accomplished. 

However, no one, I think, will question the possibility of constructing 
vessels for harbour defence capable of carrying and working a 150-pr. smooth- 
bore gun, firing a spherical projectile with a charge sufficient to produce the 
desired results, as regards penetration, at ranges not exceeding 200 yds. 

It may he fairly assumed, therefore, that the floating batteries provided for 
the defence of Portsmouth against bombardment, will be armed with guns 
of this power. Under these conditioiivS, then, in what respects will the 
floating batteries have an advantage over the permanent forts in resisting the 
operations of the attacking force. 

It has already been shewm that the existing forts as w’^ell as those in course 
of construction at Portsmouth, w:ould, as a rule, fail to strike the enemy^s 
mortar vessels and gun boats, owing to the unfavourable conditions as 
regards range and the constant movements of the objects fired at ; and that 
even upon the assumption of the shot having sufficient striking velocity to 
penetrate, the destruction of the dockyard might be accomplished before the 
fire of thc.enemy could be silenced. Moreover, that the forts,, if armed with 
the most powerful guns yet produced, would be unable, even at the shortest 
range at which the enemy would be exposed to their fire, to do any material 
damage, from the want of sufficient velocity in the shot to penetrate the sliip^s 
arfnbur*' ^ '..qv 

We will now consider h 9 W tl|ji case stands with floating batteries, in 
respect to these particular pointe., 
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Firsts as regards tlie probabil% striking the eaemy^s ships. Upon 
this there can be^ we imagine^, but little difference of opinion ; for although 
a gun on an immoveable platform will have a considerable advantage, "as 
regards the degree of certainty of striking the object fired at, over a similar 
gun on board ship, when the range exceeds a few hundred yards, still, if the 
latter can be brought within 200 yds. of the object, wdiilst tbe operations of 
the former must be carried on against a moveable object at^ranges varjing 
from 1000 yds. to 2000 yds., the ship gun cannot fail to have'' a very decided 
superiority over the gun in battery. 

Secondly, as to the effect of the striking shot, no one can question the 
superiority of the moveable floating battery in respect to this particular; 
for in*(:he case of the forts the effect would be comparatively but with 
the floating batteries every shot could be made to penetrate. 

It has already been noticed that our floating batteries would have a 
superiority^ both as regards offencejrand defence, over the enemj^s mortar 
vessels and gun boats. As this, I believe, will be generally admitted, it 
would perhaps be superfluous to enter into details. However, there is one 
particular connected with this point which deserves special notice; namely, 
that while our ships need only be furnished with the means of resisting the 
attack, the enemy would have to make provision for tlie matenel to effect the 
special object in view, that is, the bombardment — ^and, in addition, must be 
provided with the means of opposing the force that will be brought against 
them. 

It would appear, therefore, that moveable floating batteries would have 
immeasurable advantages over permanent forts in resisting a bombardment 
of Portsmouth dockyard ; and, also, that these moveable batteries would be 
able effectually to oppose an enemy in any attempt of this sort. 

It is true that the Royal Commissioners in their report recommend move- 
able floating batteries but only upon the following grounds : — Because they 
would be in some instances most serviceable as auxiliaries to the per- 
manent fortifications for the defence of harbours and inner -waters f and, 

because, that such vessels would be of great value during an attack, from 
their capability of moving to the assistance of any of the forts requiring 
support so that, according to the Commissioners^ views, it would be 
necessary for the enemy to silence the fire of the forts before they could 
effect their object as regards the bombardment ; but, if w^hat has been stated 
is correct, the enemy need not attack the forts at all, as they would be 
powerless to interrupt their operations in any material degree. 

I will now briefly notice one or two of the chief arguments which have 
been lately brought forward by the advocates of permanent forts, in support 
of their views. 

It has been said that the forts at Portsmouth will materially assist the 
floating batteries in their operations against the enemy, and that the two 
Spithead forts in particular would be able to take the enemy in reverse, while 
our ships were engaging them on the other side. 

Under some circumstances, no doubt, permanent forts might be able to 
render valuable assistance to a naval force. In the particular case before us, 
however, the conditions are not, in my opinion, such as to warrant 
reliance being placed upon them in the wa;^ of agisting the floating batteries, ! 
and in respect to taking the enem/s ships in if we consifa 
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, those of the enemy when engaged, it is 

C'fc fe ZSS» be ea My, or nearly so, to mjnre 

tot. ot Ibrir pennsnent Xr &m..t» of dotenee.” It 

less Hable to flactuations a fortification fails to attain the object 

must be admitted, however, ^ ^cy becomes a positive evil, as its 

for which it was designed, its permanencv country like this, to act 

iSstence under these I weakening the 

tap Xt is reed, n^tessary for the ssfety ot 

any otlier element of defenc j gMns have practically rendered the 

conditions in relation to Is those in pro- 

great majority of permanent valueless so far as concerns the objects 

less of construction comparat velyvafe^^^^^^^ about the Portsmouth 

for which they were and ^80106 ieater, force to the arrange- 

forts applies mth .val CommSsi^^^^^^^^ toe of the country, 
ments SSl for instance, the conditions are 

As regards the fortifications a J Portsmouth— the only difference 

nearly the same as those ®P ?3 Ug exposed to the artillery fire from the 

ayLrxa^ *b .nat'is x-Stag 

l. tb... W.AS ,.Uch i.™ 

“^l,'”d'’Sii'S‘S's“wX». of pjotacltag ships from srtillsr, fire. 
Since the adoption ot ttie new syswm i .“^ojiablv considered as an 

the landing of an enemy on onr co^ts y unnecessary to provide 

went, so unlike g^^fgj ff ^re were provided with iron-clad vessels 

otMon-as to the nselessness of the arrangement lately ^ 

rl^mce of the coniltryhy laud forts, I nevertheless believe that a^ny attemp 
S hy a ^pTSncl- the fir. of a fort would eompletety M, go^rded 
ho& wie on an equality as regards the special ^^ages which natiro y 

, biiong to eadi ; consequeatly--if “ tTen uu' 

dun 4 imot attsdnits object untiliit has silenced the fire of a fort, then, in 
5 a casfei a pUtmanfent forfshotdd, no doubt, he resorted to, m preference 
toll fi<^il^h«ery, as'» B^anUlrf' defence. 
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target. 
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B 
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♦ Bor sereral partioiilars I am mdel)ted to Captaia Aldorwm 
t la-pr. aot beyond 400yds. ' | €. 1 . dmo^m$i4nm, mi, 

[voL. ra.] 14 ' 


Eemaxks. 


nil 10 B ... Bagged hole through plate 2"*3 x 

fiiameter at back 5''‘'*65 large crack 6'' 
long in front below hole. Bend of plate 
in length of 13". Shot broke up 
small. 

„ „ ... Clean hole through, diameter 3"‘8 x 3'^*0. 

No bend in plate ; hole clean through. 
Shot broke tap in large pieces. 

„ „ ''*65 Hit. Indent "*66 in length of 6". A four 

starred crack at the back. 

„ „ ... Eicocheted and hit low broadside. Shot broke 

np. 

0 3 „ "*876 Indent "*876 in length of 11". Back starred 
with cracks, and piece in centre of star 
cracked mimd. 

0 10 „ ... Hole through, diameter in front 6"*6j at back 

IB^ Btdge of plate "*46 in Ifr. Tin. 
I>oubtful whether th» shot did not Mt on 
old bolt-hole. 
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EXPEEIMENTS CAEEIED OIST AT SHOEBUETETESS, els' THE 26th JHITB, 1862. 


[CONTEIBXJTED BT CAPTAIN 1. J. BEUCl, E.A.]* 

The experiments consisted of cast-iron, wronght-iron, and steel shot fired 
from thelS-pr.fand 40-pr. Armstrong guns, with service charges, at ranges 
200, 400, and 600 yds., against iron plates of different thicknesses. Certain 
shots were also fired against Mr Scott Russell’s and Mr Samuda’s targets 
from the 40-pr., lOO-pr., and 1 5 0-pr. Armstrong guns, the latter at 200 yds.; 
the 40-pr. at 600 yds., the llO-pr. at 200, 400, and 600 yds. 

The iron-plates fired at were of the following dimensions : — 


A. 

4 ft. 6 in. X 2' 6" 

V 2". (Inferior iron, badly rolled plate). 

B. 

S' 

X 3' 

X 2"*35. 

C- 

S'S" 

X 3' 

V 3". (Not a good plate, badly roEed). 

B. 

& 

X 3' 

K 4"*6. 


The plates rested against strong upright timbers, with sloping supports to 
the rear. Pour powerful nuts, bolted through to the upright timbers, over- 
lapped the edge of each plate. The plates were without backing of any 
kind. 

Service charges for the respective guns were used throughout the practice. 

The 15 0-pr. was fired with 2 A 4 powder. 
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MINUTES OE , PEOCBEDINGS OF 


h 

II 

o o 

1 

S 

1 

Projectile. 

Charge . 
in lbs. 

.2 

Hi 

tie 

1 

Elevation. 

Defilection. 

Indent, 

1 

1Z5 

% 

Length. 

Form. 





lbs. oz. 

in. 




o / 



B 

40-pr. 

7 

C.I. 

41 8 

10*25 

service 

5 

200i 

0 10 

7B 

l"-6 

4/'5 














8 

steel 

4S 4 


round 



0 13 

10 B 

... 







headed 







150.pr. 

9 

W. I. 

162 8, 

10-372 


60 


nil 

nil 


M 

smooth- 
1 bore. 






(2A.) 






extent of 4 ft 5 


■75 X 


Struck above a' bolt-hole. Indent 1"*6 in 
1ft. 6 in. At back slightly bulged and 
three cracks. 

Struck top"to th6’'tight near last shotj 
broke off corner of plate. 

Hit target 3 ft 1'' from right, and^G" from 
top of lower plate. Hole through 12''*75 
in diameter, and plate broken away to the 
2ft.7"-5. A crack l"Wde from top to'hottom of plate; also acrack from aholt-holelfiS'' 


Eemarks. 


f^om Voinrstruckrift. 'oflhe rivet *(o”r uniting railway iron) broken off. The plate above the one struck 

At the' back, one^ vertical rib broken through; pieces of skin driven into wooden hulk 38 to the rear; 
horizontal^’' stringer also bent out I”"’! and cracked through, mi. 

The shot fell back five yards from target. The “work done” upon the shot itself was considerable. The 
sphere was altered in figure so that the front and hind hemispheres were JlaUened (so to speak) and sei 
up” together, forming a sharp circular flange or rim. 

Diameter of shot before firing 10"-372. I "Weight of shot before firing, 162 lbs. 3 oz. 

Major after 12"-969. do after do 161 lbs. 12 oz. 

Minor „ | 

The shock of this blow was transmitted to a heavy structure of timber in rear of target, of 16 paces in depth 
so as to move the whole mass about of an inch, as ‘shewn by the displacement of the surrounding sand. 


* Mr Scott Ktisseirs target (29' 10" x 9' 9") was composed of four rows 
of plates^ of the following widths, viz : — 

‘ Upper row, 1' lOf"; second row, 1' 9|"; third row, 1'8|"; and bottom 
row, 2' lOi". 


The plates (all of hammered iron), 4| ins. thick, were supplied by the 
Admiralty, and had originally been made for the Warrior by the Thames 
Iron Company. 

The total thickness of the target was 8|- ins., made' up as follows: — a 4|ths 
inch plate, a filling-in piece of 1 in., two 1 in, plates for backing, and two 
|*in. plates forming the skin. 

The construction of the target at the rear consisted of two longitudinal 
stringers, 5*5" deep, one above and the other below the port ; also two iron 
waterways representing the upper and main decks. The vertical ribs were 
10*5" deep and 21*25" apart; and in order to represent the mode of con- 
struction with iron backing as proposed by Mr Scott Russell, a lining of iron 

thick was placed on the upper part of the target (instead of the 3" of teak 
lining of the Warrior target), the remainder of the target being left open in 
order to allow of the examination of the skin. 

The object of the original experiment was to test Mr Scott RusseFs system 
of continuous riveting, combined with iron backing instead of wood. 

Projecting riveting was used on one half the target, and flush riveting on 
the other half. There were neither bolts nor rivets in any of the armour 
plates, with the exception of lie one on the right side of the target, 

which had four rivets through its centre; 

The target had two port-holes in it» 
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P •§ 


t ® j 


Projectile. 




m 

Pt 


o*^ 


■'Eemarks. 


40-pr. 


C 

3" 

B 


12-pr. 


B 


40-pr. 


steel 


21 


steel 


t Mr Samuda’i 
target. 

' » ; (221 


steel 


jibs. 0 
45 


43 0 


m. 

10-25 


9-25 


round 

headed! 


200 | 


0 10 


5B 


nil 


"•75 


'Hole clean through; diameter in front 
5'^x5""*5; at back (inner) o'"* 5, (outer) 
10"". Ko indentj but clean, punch 
through, without any curvature of plate. 

Lding over & surface 


flat „ w 3 > \ if 6'"*75: Bulge of plate extern 
Iheadeclj I i I I ! 2ft.o""x 3ft. Indcnl5"’*7o. Four cracks 
C about 1"' wide starring from centre ’of blow. Bulge at hack extending over a space 
( 1 ft. 7"' X 1 ft. 6'"; plate opened out in wide rent. Four great cracks. 

Much more damage from wrought-iron shot, more injury to plate on the whole, though 
the steel shot punches a fair hole clean through. Shot set up i''’'-75 by force of blow. 

41 8i 10-25 .service j 5 i „ i „ 5E:8""*5 |Indent8""*5 in length of 1 ft. 8"", diameter 

of hole 6'". Struck on margin of IN'o. 10. 
Ragged irregular hole at back. 

11 9| 7 I „ i 1-8 ]400'0 30 12 Ej *7"" |Hit centre of plate nearly ; slight indent 

•'''7. No bend of plate, very slight star of 
three branches at back. Indent l'"*05 
in 1 ft. 2"". 

12 9| 6-5 I flat j „ Jo 32 10 R| l'"‘05jEfieet more of a in the whole plate, 
headed) fill I Bulge and seven-starred cracks at the 

back. More ' ^ w ork done” still with the 
wrought-iron. Shot itself up ’’' 1' 
*Missed. 

IMissed. 


41 8; 


45 4 


43 0 


45 4 
41 8 


io*:i 


10-25 


9‘25 


flat 

(headedl 

if 

round 
headed i 


flat 

headed! 


10-25 (round 
1 headed' 
,, iservice 


10 3318R 
,0 3810R 

0 3o 3 R 


0 38 9E 
0 39 IR 
P 3o 3 R 


0 38 


6001 o: 

! 

1 .3: 


4B 

8E 


Indent '"*625 ; diameter 3""- 1. No break- 
ing of plate. Back, slight crack from 
bolt-hole. 

^‘Missed. 

*Missed. 

1*85 jlndent 1"'*86; diameter S'"'5. No bend in 
plate. Back, crack 1 ft. 8"" laterally, 
opening of crack *"'65; two small up- 
ward cracks from it. Shot broke up, 
l"*15!lndt*nt l'"*lo in 1 ft. 6""*5; diameter 4'"*2. 
A certain amount of work lost in knock- 
ing down the plate from its flxtures, 
accounting for small eflect- Bulgeiat 
back, and four starred cracks, one of 
them 1ft. 10"" in length, gaping | of 
an inch in widest part. 

2"'*2 (Indent 2""*2 ; uvea, of indent 7""'7 x 5""*8. 
Struck on junction of two plates. 

■65 (Indent ""-65, diameter 3""* 


t Mr Samuda's target (20 x 10 ft.) was composed of two plates 
20^ X 3^4'^ X 5^^ and two centre plates, tlie one to the left of the port-hole being 
X 3^4/'' X 5^^, and the one to the right of the port-hole, x 8^4^^ x 
The skin was 1 in. thick, and longitudinal ribs 2| ins. thick were placed at 
the junction of the plates^ by which means the whole target was supposed to 
be of uniform strength. The upper and lower plates were secured bj 
bolts 14 ins. apart;, and the middle plates by alternate bolts and rivets. A 
thin layer of india-rubber was placed between the armour plate and skin, and 
leather under the bolt-Jieads. 

The target was supported by a framework of 14-m. timbers 3' 6^^ apart;, 
strutted to the rear^ the feet of the struts being secured to timber piles. 

The total weight* of the target (exclusive . of the beams of the ship) was 
27 tons 19 cwt. 

The armour plates were rolled by Messi^ Joha'Biowa and Co. of Shrfdd* ■ 
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Projectfle. 



JSC fen ^ 

11 ^ 

s, p=^ . 


Eemarka. 


lbs. 02 . in. 

* 40-pr. 24 steel 45 4 10*25 

* „ 25 wrought 43 0 9*25 

iron 

f 110-pr 26, cast iron 110 8 12*25 


27 wrought 116 8 11*25 
iron 


f „ 28 cast iron 110 8 12*25 

t « ^ » 


service „ 400 0 42 8E 


30 wrought 117 1 11*25 


It ” 31 cast iron 110 8 12*25 I 

t 110-pr 32 „ „ 10*25 j 


t „ 33 wrought 117 11 11*25 

iron 


'round 6 600 1 3 12 E 2'H6 Ment 2''*45 j diameter 6''*55.' Worked up the 
rim of plate at top of target half an inch. 

! IT //.65 Indent ^'*65; diameter 3''*9x4''*8. 

service 14 200 0 24 10 E 2''*16 Struck at the bottom of the 2nd plate from the 
top, grazing the lower riveting. A semi, 
circular crack extended for an area of 
12''^ X 22". The plate was driven *7" in a 
length of 1 ft. 8". Diameter of indent 6''*5. 
At the back, one rib with its angle-iron was 
cracked in two places, and a through bolt 
(not covered by armour plate) was broken. 

^ ^ 12 E 2"*3 Hit the third plate 6*''6 from the top. A crack 

headed” ” ” ... extended from the bulge nearly to the bot- 

tom of the plate. Indent 5''*7 X 6"*6. The 
riveting was cracked across in two places 
and forced up for a length of 2 ft. 6, and 
the plate was driven in 1". At the back a 
rib was broken, and the one referred to last 
round was broken in a fresh place. The 
skin was broken for a short distance and a 
joint strip was forced out. The shot set up 
. ' ^ ■ 3 ''* 25 . 

service „ 400 0 42 8E Missed. 

10 B 1"*7 Hit the lower plate 1ft. from the top. The 
’ riveting started in a length of 3 ft. and 

cracked along its centre for a length of 2'*7". 
The plate was cracked at the back through 
half its thickness, as seen at the outer end. 
At the back, one of the ribs was broken from 
its outer rivet-hole to the outside, and two 
angle-irons were cracked. The skin slightly 
bulged out. 

flat „ „ 0 4413E2"‘ Struck on the projecting riveting between | 
headed ... the lower and third plates. The riveting ' 

was cracked across in two places and com- 
pressed at point of impact. A semi-circular 
crack at a distance of 1ft. from point of im- 
pact. At the back, a rib and two angle- 
irons cracked through, one rivet in angle- 
iron broken, and skin cracked across from 
rib to rib. Shot broke up into several 
■ :■ . pieces. ■ 

service „ 600 1 6 8E Missed. 

„ „ „ 112 „ 1"*65 A crack 1 ft. long from the point of impact, 

1ft. of the riveting under the bulge dam- 
aged, 2"*5 being broken oif. The riveting 
was cracked across at 2 ft. from front of im- 
pact. At the back, one rib and angle-iron 
cracked and the skin slightly bulged. 

flat „ „ 1 13 12E 2" Hit the broken plate, a crack 16" long at 13'' 
headed from point of impact, also another crack 

from a bolt-hole to the top of the plate at 
a point 2 ft,l"*6 from impact. At the back, 
two rivets of the lower stringer were broken, 
an angle-iron and rib broken, and the skin 
cracked round a rivet hole. Shot set up 


b 4413 E 2"- 


tiai5 ,, ,, 

headed 


1 13 12 E 2" 


* Mr Samuda’s target^ t Mr Scott Eusaell^a. 
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ACCOUNT 


Of 


EXPEBIMENT CAEBIEB ON AT SHOEBtJBYNESS, ON THE 7th JULY; 1863, TO 
EETEBMINE THE EESISTINQ- POWEES OE THE «MINOTAXJB” CLASS OE 

:men.oe-wae. ' 


[CONTRIBUTED BY CAPTAIN E. J. BRUCE, R.A.] 

The target consisted of three plates. 

The top one (!£' 6'^ x 3' 4'"'" x 5*5^0 was made by Messrs John Brown 
and Co. of Sheffield. 

The centre one {9^ x 3^ 7'' x 5*45'Q was made at the Thames Iron Works. 

The bottom one (12^6^'" x 3^ 4^' x 5-5^'') was made by Messrs Beale and Co. 

The backing consisted of 9^^ of teak^ and the same skin as in the Warrior 
target. 

Each plate was fastened with three rows of tlirongh bolts^ the upper and lower 
rows being diameter^ and the centre rowl^'^ A strip of iron 1^'' 
thick, was placed in rear, at the junction of the plates, the upper strip being 
16^^ wide, and the bolts passing through it; the lower one w’-as only 10'^^ wide, 
and was not bolted through. The support in rear was similar to that of 
the Warrior target. 

The range was 200 yds., and the guns used were the 12-ton gun and 
68-pr, smooth-bore. 


r© 

I 

6 

£ o 
§ « 

o 

Projectile. 

Charge in lbs. 

§ 

1 

0* 

Deflection. 

Indent in ins. 

Bemarks. 


Weight. 

Dia- 

meter. 

1 

150 -pr 

east -iron 
shot. 

lbs. 

150 

ins, 

10-35 

2A* 

50 

nil. 

nil. 

nil. 

Hit the centre plate 2' from the bottom, and 
made a hole through the plate 12-5" x 12*2'', 
and about 13" deep. The plate was driven 
in 1*1" at the bottom, and 1*5" at the top, and 
buckled forward *45" at the end by the port- 
hole, and at the outer end. The lower 

strip at the junction of the plates also 
' started *3" from the backing. Two bolts in 
the bottom row Une upper plate started 
1" and one in the centre row The top 

and bottom bolt by the port-hole of the 
centre plate started *2", and those in the 
top row. of the lower plate started- respec-| 




No. of r oundT 
Sature 
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Projectile. 


■§ meter. J ^ ^ 

I ^ 6 

lbs. in. 2A4 

c cast-iron 160 10*35 60 nil. nil- nil- 

siot. 


Bemar]k3. 


tiTely 1", I", and also one in tlio 
centre row of the same plate 4". The shot 
broke up, and parts of the plate and shot 
were driven into the wood backing. No cracks 
on the plate j iron good j at the back, two 
vertical iron ribs cracked (one on each side 
of point struck) J one of these ribs broken 
clean in two. Pour bolt-heads broken off, 
two in centre plate, one in lower, below 
the seat of injury, and one to the right of 
lower plate, from the point struck; a 
rivet head gone near same place. Two 
angle-irons cracked. Iron shelf-piece carried 
away. Eleven rivet heads broken off. Skin 
much bulged, and a three-starred crack from 
the bolt-hole where struck. Serious bulge 
of skin over a space I'd'' x 1^6'^. General 
Send of inner surface over a space 3'6" x 

Hit the top plate 17'' from the bottom, and 
made a hole through the target ; 13" x 12*5" 
being the diameter in armour plate. One 
edge of the hole was on a bolt which was 
driven out, and a crack extended from 
the bolt-hole parallel to, and 1*3" from the 
edge of the shot hole, for a quarter of its 
circumference. Eight bolts in this plate 
were now started, viz. three in the upper 
row, three in the lower, and two in the 
centre. There were no radiating cracks on. , 
the plate, but the quality of the iron was 
unequal, the exterior of the plate being 
good, but large crystals visible on the centre. 
Practure laminated. The plate buckled *3'' 
at its outer end, and the centre plate had 
now buckled 1"T at the end by the port- 
hole, but was set back into its place at the 
other end, where it had buckled the last 
round. At the top of the target, of the 
backing was forced up 4"-2, and a filling-in 
piece I'lO" long was forced up 8" ,* also a 
horizontal wooden baulk, 1'7" to the rear, 
was quite cracked through. At the back, two 
bolt-heads broken off in centre plate, one in 
lower ; large irregular bole ; skin doubled 
back; pieces of shot clean through along 
with teak backing and fragments of plate. 
Hole andbreakage 18" x 14i". Solid timbers 
supporting the top of the target in rear 
(total thickness, 1'8"), cracked and splin- 
tered ; upright baulks of timber, 4'6" in 
rear, penetrated by splinters of iron; bolt- 
heads and rivet-heads picked up 36' in rear, 
Front portion of plate struck (bearing 
impression of blow), found 16' in rear of 
target. Effect partially concealed by the 
supporting beams at top, which suffered in 
being rent by blow. 

, Struck the lower plate 6" from the top, and 
made a hole through the target, the diame- 
ter in front being 13". The plate buckled 
•6" at the outer end. Three cracks, each 
about 2*5" long from the edge of the hole, 
one extending to the top of the plate. Two 
Wts in the centre row had started respec- 


Ifo. of round. 
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Projectile. 


g ^ ^ Bia- ^ M % ^ 

^ o' -g « meter. J 5^ A 'g 


lbs. in. 2A^ 

150-pr. cast-iron 160 10*35 50 nil. nil, nil. 

sbot 


wrought 163 10*364) 


Eemarfcs. 


tively *8^' and ‘O'", and one in the upper row 
(3' 4)" from the point of impact) started!^'; 
dso one in the lower row, under the shot- 
hole, started *3'^ Plate very badly welded, 
and much laminated. The shot teoke up. 
At the back, large hole, daylight through ; 
vertical rib broken clean through, and bent 
back 2' 6" from target j large portions of 
skin, bolt-heads and rivets broken away ; 
cone of shot found lying 15' in rear ; other 
fragments of shot and plate driven through ; 
shreds and splinters of teak backing pro- 
truding. The hole and rent, 16"x2'6". 

I Entire bulge, 3' 6" wide. 

I Struck the centre plate 2' 3" from the bottom, 

I 1'6" jfrom tbe right side of the plate, 

I and 3' 11" from the hole made by JS'o. 1 
shot. The shot remained in the plate. The 
target was tremendously shaken. The 
centre plate had now buckled forward 3*3" 
at the end by the port-hole, and was driven 
in 6*5" at the outer end. The whole of the 
backinj^ of the target, on the right side, 
was driven back, tbe space being 6" at the 
top, and 9*25" at the bottom of the upper 
plate. The upper plate was unsupported 
by any — for a length of 6' from the right 
side. The teak backing, through which the 
bolts passed, was cracked quite through. 
The diameter of the hole made was 13*6", 
and the bulge on the plate was 3*5" in an 
pea of S', whereas in ISo.l round the bulge 
in the plate was only *5" in a smaller area. 
A narrow crack extended from the top of 
the hole made by Ko.l round to the top of 
the plate. At the back two vertical ribs 
and angle-irons broken, one on each side of 
blow; bolt started and driven out 1'2"; 
sHn two small cracks at bolt-hole ; three 
bolt-heads off ; two in centre plate, one in 
top. Iron shelf-piece loosened and partly 
; bent out. Bulge of plate 4 x 2'. Interior 
‘ damage less than in Ko, 1, but distributed 
over a block of masonry several feet in rear, 
on which leaned the intervening beams be- 
tween it and the top of target. The entire 
breech of the 12 -ton gun was blown out at this 
round, and fell 12 yds. to the rear, reboimding 
21 yds. further to the rear, where it remain- 
ed. A 14" baulk of timber in front of the 
platform, to which the tackle for checking re- 
coil was secured, was broken through. In 
considering the damage done to the target 
by this round, the accident here recorded 
must be taken into account, as the loss of 
work must have been considerable. 


jS 68-pr. i wrought 71 ... 16 SCf » 2*4 Struck the lower plate 10" from the bottom, 

I iron. and under the port-hole. I>iameter of indent, 

9*6"; area of bulge in plate, 19"xl8"; 
depth in area, *6". One small crack on 
indent. At the back, one rivet head off. 
Ho other damage visible. 

6 „ cast 67 ... „ „ „ 3* Struck the lower plate just above the last 

iron. round. The indent of fast roundnow mea- 

sures 3 * 2 ", and the diameter of the wo wBenin h 10' The area of bulro 21 ". Ho, ^ 
radiating cracks and no damage to the fastenings; but the plate liad very slij^tiy started 
at the top by the port-hole. At the hack, no dams^ risihle. . * ' ^ ' 


minutes oe eeoceeping^s of 

•R™ tta r»dt. of His =gF»?»‘ it f 

of a stmctoie sooh as to 

constracted OQ the plan proposed for the 

TTiP additional inch of iron in the thickness of the plate is clearly no 
coSenS for “he reduction of 9 in., or half the tluckness of teak 

backing. 
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OH THE AHAPTATIOH OE THE CHPOIA. OE OAPTAIH COXES 

so 

MODERN FORTRESSES. 


By F. DUNCAN, M-A., Lieut. E.A. 

3?BLI.OTSr 01 THE GEOLOOlOAIr BOCIEiy. 

That a change will of necessity occur in modem warfare^, consequent 
upon the two great disco veries^ which occupy pubhc attention at present^ — 
the advantage of iron-platings and the seeming absence of a limit to the 
increasing power of artillery, has become apparent to the most superficial 
observer. As yet the attention of scientific men has been devoted almost 
exclusively to naval changes ; but there can be little doubt that an alteration 
in the modern system of fortification is more or less imminent* It is evident 
that fortresses derive a higher ratio of benefit from improvements in artillery, 
when these improvements involve heavier guns and larger charges, than either 
ships or armies in the field ; for they have ampler magazine and other 
accommodation than any vessel, nor are they Emited by considerations of 
tonnage or capabilities for saiEng. And an army in the field cannot exceed 
a certain limit in the weight of its siege-train materiel, Bud in the reserves 
of ammunition which accompany it. These are circumstances which have 
occurred to many in the contest between artillery and ironsides ; but it seems 
(as far as I am aware) to have escaped any writers on the subject, that the 
improvements in artillery will not be more advantageous to forts than might 
the adaptation of the cupola and other instruments become, which are con- 
sidered to belong exclusively to vessels. 

A few suggestions on the advantages which the introduction of this 
invention of Captain Coles into our fortifications would secure, may not be 
superfluous at the present crisis. These may be briefly enumerated as 

(1) Command given to the fort ; 

{£) Immense lateral range I 

(3) The power of bringing every gun in the work to bear upon any 
single point, even if that point were in the work itself ; thus enabling the 
defenders to subject the assailants to a murderous fire even after they might 
have entered the fort ; 

(4) Economy of numbers at each gun; 

(5) The power of doing away with outworks, and the increased accom- 
modation for troops ; 

(6) Economy in construction ; 

(7) DnrabiEty and invulnerability. 

[von. iilJ 15,.;,-... 
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The first three of these are due to the same cause. A grni in a cupola 
may be considered a giro eu’ hariette ; for the cupola coidd be placed on a 
level with the crest of the work^ and would therefore give increased com* 
maiicl to the gun it covers^ and also an unlimited lateral range. At present 
a gun eu k/rMfe is an object for the enem/s artillery^ and exposes its 
detarhineiit to their riflemen, Tliey are therefore only placed as a rule in 
the salients of the wort } and the rest of the guns are cramped by the 
eontractiiig iiiliueiice of their embrasures^ than winch nothing more 
effectually limits their &’e and utility. The sole of the embrasure checks the 
depression of the piece after a certain limit ; and the sides^ reduce their 
lateral range to a comparatively small angle. Even the guns in the salients 
can only be traversed over a limited arc of the circle ; whereas the revolving 
cupola W’ould move completely round, and might allow of the greatest 
depression* It w'ould thus command the whole surrounding country, and 
might be turned so as to give a species of reverse fire upon any point 
within, which might be in tlie possession of the enemy. 

The gun detaciimeBt would be safe and completely invisible ,* and this 
suggest the 4th of t]ie advantages enumerated, — economy of numbers to 
work each gun. The large number we wnuld allow at present to each gun 
during a siege is calculated to allow for casualties. Where the risk of 
casualties is so immensely diminished, the allowance to be made becomes 
proportionably less ; and the guns will be worked easily with diminished 
mumbTO.-:. ■ ■ ■ 

Our next advantage, in order, is the power of doing away with outworks. 
These, such as ravelins, &c. are meant to throw a fire which would sweep 
that part of the glacis in front of the faces of the bastions wliicli could not 
be covered by the fire from tlie w'ork ; and in general terras to compensate for 
the want of lateral range in the guns of the fortress. But wliere tJie guns 
of the work can be concentrated upon any spot, and no part of the sur- 
rounding country but can be brought under their fire, a ravelin becomes 
quite unnecessary* A cupola in each salient would act better than any 
ravelin ; and their guns could be easily made to command even tlie ditch in 
front of the curtain, and throw sliowers of case-shot upon the heads of any 
storming party. The second clause of the btli head is a seqmtur to tlie 
first. Given a certain space of ground on which to build a work, that work 
which consumes most of that space in outworks like ravelins has the least 
accommodation for troops, for in calculating the number of men to fill a 
vrork, we would be reluctant to take into consideration anything save the 
main work. 

The economy of construction w^hicli we have included in the list of advan- 
tageous consequences on the adoption of this invention is partly the economy 
which follows a judicious outlay. In the first place, a fort whose guns are 
under cupolas,^ requires no traverses to resist enfilade and ricochet fire. 
Every cupola is a traverse to the next ; and we are thus spared first the 
expense of constructing earthen traverses, and secondly, that of keeping 
them in repair,— -an item of some importance in severe climates like our 
American colonies, where the frost tears up eartlienworks more effectually than 
the most powerful shells. By this system, also, the interior of the parapet 
with its banquette, embrasures, revetments, &c* is avoided j and the cupolas 
could be placed on the crest of the superior slope, the earth sloping back 
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towards tlie krre2:)Mne at its natural inclination. In' this way, a work could 
be built infinitely more quickly, more simply, and more economically than at 
present. By increasing the lateral range of our guns, ive do away with the 
necessity of having so many as we have in our modern fortresses . to cover 
every, point of the surrounding 'country by which the enemy might appro.acli; 
and this dimiinition of the armament would compensate for the additional 
expense of the cupola. 

Some of our fortresses have cavaliers with guns on the top. Let these be 
placed under cupolas, and two would be as efficient as ten are at present. 

Our last mentioned advantages durability and invulnera!)iity apply 
more to the armament tliaii to the work. The invulnerability of the cupola 
has been ably insisted cm by its talented inventor, and proved by experi- 
ments; and the durability wdicli the gun and carriage would attain from 
tlieir shelter from the weatlier wmulcl be very great. Tlie constantly recurring 
expense of lacquering guns and carriages would be greatly avoided; and in 
a kingdom whose forts are so numerous, even this consideration is one not to 
be despised. 

But if in regular fortifications the cupola could be introduced with 
advantage ; how much more would tliis be the case in such wmrks as our 
Martello towers. By a judicious arrangement, these towers might attain a 
dignity in fortification little dreamt of. Let the cupola be placed on the top 
of, and coinciding with the circumference of, the tower ; surround it by a 
deep ditch, and throw the w'hole of the earth excavated from it so as to form 
a steep glacis round the tow^er, whose slope if possible should be a prolonga- 
tion of the angle of the cupola itself, and we have at once a circular fort of 
singular strength and simplicity. A line of such towers along a coast or 
round a harbour, each perfectly self-acting, would form a serious obstacle to 
an invading force. And in a country with so large a coast line, as Great 
Britain, these might be found at once an economical and an efficient means 
of connecting our larger works, and so keeping up a continuous and formid- 
able line of resistance. 
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BELaiAN EXPEEBIENTS 

os THE 

PEOOF OF GUNPOTOEE IN 1858. 


Aheangemests have been recently made by directions of the Secretary of 
State for War for the future testing of all gunpowders by ascertaining tlie 
initial velocity of shot from a standard gun with a uniform charge. These 
experiments will be made at Shoeburyness, under the direction of the 
Ordnance Select Committee^ with J^avez electro-ballistic apparatus : using 
a smooth-bored sendee 32-pr. for ordinary LG powder, and probably a 40-pr. 
rifled gun for rifle large grained LOE or A 4 powder; in addition to the 
standard 12-pr. Armstrong gun which has been used for the same purpose 
for the last twelvemonth. 

The following extracts from a Eeport by Lieut.-Col Tounghusband^ E.A.^ 
dated Liege, July 15, 1858, contain much useful information bearing on 
the same subject, and will form an appropriate introduction to it in these 
Proceedings/^ 

I have attended some experiments which have recently been made at 
Antwerp on the proofs of gunpowder. These experiments, as tending to 
shew the proofs to which gunpowder for cannon ought to be subjected, are 
of the highest importance and interest, and I tliiiik worthy the attention and 
consideration of officers employed, either in the manufacture of gunpowder, 
or its use in testing the endurance of cannon. 

I am informed that Colonel — , the officer in charge of artillery 

muUriel at Antwerp, has, for nearly a year past, been engaged, unofficially, in 
experiments for proving gunpowder, but it is only within a recent period that 
the Government has ordered their systematic continuance. The circumstances 
that gave rise to them were, I believe, these : — 

^‘^Last year, several iron guns burst in the course of ordinary practice at 
Brasscliaet ; a Commission of officers was ordered to investigate the probable 
causes of these accidents; their general opinion was that all guns received 
into the sendee ought to resist a moderate number of rounds with any 
powder which had passed the regulated tests ; but a strong opinion having 
been expressed by some members of the Commission that some of the 
powder issued for service was extraordinarily destructive to cannon, the 
character of which was not exhibited by the regular proofs, the Government 
ordered experiments on the proving of powder to be made, and likewise 
others having the twofold object of testing certain mixtures of iron for 
guns, and their resisting powers to different qualities of powder. 

am unable at present to state more than the general results, but 
lm¥c been promised a copy of ^ the experiments in detail. I am, however, 
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of opinion tliat those to the endurance of caimon are not being 

carried out in this eountry on a sufficiently extensive scale to yield concksive 
results. V 

The experiments on the endurance of cannon are now in progress at 
Brasschaet. Up to the present time they have been confined to firing four 24f-pr. 
iron guBS^ cast of the same mixture of metal, with two different quahties 
of powder I one quality passed as a ^ quick/ the other as a ^slow^ powder. 
The guns were mounted upon garrison carriages and placed in blindages to 
avoid accidents and keep together the fragments after bursting. The service 
charge of 4 kilos, of powder (9 lbs.) and one shot has been employed, and the 
guns laid point blank. 

The first gun, fired with a ^slow^ powder, burst at the 6Srd round. 

The third gun, fired with a ^ quick ^ powder, burst at the 90th round. 

^^So far, therefore, these experiments have yielded nothing conclusive 
respecting the powder, but there seems little doubt that the metal was very- 
inferior. 

^^The experiments relating to the proof of powder have been as follows 

Samples of powder from different barrels, and various periods of manu- 
facture were taken from the magazine at Antwerp, and thus tested ; — 

(1) The usual proof. This consists of firing a shell filled with lead 
weighing 29*3 kilos (64§ lbs.), from a mortar %rouvette with a charge of 
92 grammes {SJ oz.) 

(2) The lead being taken out of the shell, thus reducing its weight to 
15*9 kilos. (35 lbs,.), the empty shell was fired with a charge of 62 grammes 
(2*2 oz.) 

(S) An empty shell, weight 4*956 kilos. (10*9 lbs.), was fired from an 
IS-pr. mortar with a charge of 54 grammes (1*9 oz.) 

^^The following table contains the results 


Sample 

powder. 

Eange xn Mires. 

Mortar 6prouTette. 
Solid projectile. 

Mortar ^prouvette. 
Hollow projecfcile. 

18-pr. Mortar. 
Hollow projecSe. 

1857, (]Xo.2) 

217-2 

22-6 

66-7 

1867, (No. 4) 

233-0 

127-3 

117-8 

1862 

237-3 

‘1^-8 

i im 

1863. 

237-2 

133-6 

1 126-1 

1867, (No. 3) 

242*5 

140-0 

* 120*4 

1856 

236-7 

148-6 

122*0 

1864 

236-6 

149-6 

187-8 

Beddisli, unknown 

240-2 

167-8 

108-6 

1866........ 

237-2 

158*7 

129*4 

Blue, unknown ... 

234-0 

176-8 

i4m 

1860 

234-3 

184-7 

167*9 

1867, (No.l) 

243-2 

189*7 

1»3' 

Blue, unknown ... 

236-7 

231-i 

a»6 


"from the above experiments it wiE be seen. 
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( 1 ) That the ranges of the solid projectile only yaried between 217*2: and 
£43‘2j, while those of the hollow projectiles faried from 92*6 to: 231* 1, and 
from 56*7 to 220*5. 

(2) That, omitting powder 1857 (Jfo. 2), the ranges of the solid projectile 
ware comprised between the limits of- 233*0 and 243*2,' while those of the 
hollow projectEes ranged from 127*3 to 231*1 and from 117*3 to 220*5. 

(3) That the powders classed themselves in the same order, nearly, with 
both natures of mortars when hollow projectiles were employed (wliich may 
be considered as the order of degrees of quickness), but that the heavy 
projectEes afforded no such regular indication. 

next experiment consisted in sifting some powder that had been very 
long ill store, and separating it into five different parcels according to the size 
of the grains. 

The results were : — 


.1?ow<Ier. 
of gfains 
m 

1 gramme. 

Banges. 


1 Banges, 

Mortar 

6prou?etto, 

solid 

projectile. 

18-pr. 

mortar, 

koliow 

projectile. 

Ho. of grains 
in 

1 gramme. 

Mortar 

4prouTette, 

solid 

projectile. 

18-pr. 

mortar, 

hollow 

projectile. 

'mm 

m'2 

180-0 


Second experiment, 1 

1350 

234-2 

154-9 

1350 

232.0 

128*4 

605 

233-2 

97-1 

618 

242*2 

112*6 

m 

234-0 

89-5 

303 

240-3 

81*1 

m 

232-0 j 

85*3 

! 131 : 

238*8 

78*5 


*'^Proin this table it will be seen that the degree of ^ quickness^ of the 
powder, as influenced by the size of the grain, is well shewn by the variation 
in the range of the hollow projectEe, whEe no sensible difference is shewn by 
the soEd projectile. 

^^'An examination has been made of powder manufactured by the dr^ process. 
It was supposed that, in order to provide against the requirements of a long 
siege, and avoid the danger of keeping large quantities of powder in store 
in a fortress, the ingredients only, might be stored and incorporated from 
time to time, by the dr^ process. 

Powder, so manufactured, though not giving evidence of any unusual 
properties when fired from the mortar 4prouvette, was found exceedingly 
^ quick ^ by the hollow projectEe and therefore proportionately destructive to 

ttnnon. 

When employed for cannon, it has been found by Navez^s electro-ballistic 
apparatus that the ^ quick ^ powder gave no greater initial velocities than 

' * Slow ^ powders. 

On the contrary, in some cases even lower velocities were obtained. With 
the musket and spherical ball, the initial velocities were found to be greater 
or less according as the ranges of the hollow shell increased or diminished. 

hm been known for some time past that the results obtained with the 
mortar fiprouvette do not correspond with those of the cannon in testing the 
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relative forces of different kinds of powder j' indeed. Major Mordecai remarks 
tliat the common iprouvettes are of no value as instruments for determiniiig 
the relative force of different kinds^ of pc)wder. The experiments in Belgium 
seem to indicate a 'method of very satisfactorily classing powders for, every, 
service, in the following manner. , 

^^Let the requisite projectile force be determined, and let it be shewn by a 
riiin wmm range of a solid shot from the mortar eprouvette for every sample of 
powder. The same powder should then be employed to fire a hollow projectile, 
the range of which must be lehw a certain amount. By means of these 
experiments a ^slow^ powder, or one w^hich exerts a less destructive effect 
upon a cannon, and at the same time one which gives the required initial 
velocity (two qualities that are quite consistent with each other), may be 
obtained. It seems probable, that the lighter the hollow shell, provided of 
sufficient strength, and the less the windage, the more marked will be the 
results I perhaps an accurately turned cast-steel shell would be found best 
suited for the purpose. 

Continuing the* same reasoning, the solid shot ought to be as heavy as 
possible. 

Initial velocities ought to be fixed, and experiments occasionally made to 
ascertain that the standard has been obtained : Navez^s electro-ballistic 
apparatus is well suited for this purpose. 

^^It will probably be found especially advantageous to employ a ^slow^ powder 
with rifled guns. As the projectile must follow the grooves, and a comparatively 
longer time is occupied in its passage up the bore, it may be concluded that 
the action of the powder ought, in such cases especially, to be gradual, and, 
as it were, pushhiff rather than sudden and percussive, in order to diminish 
the destructive effect upon the cannon. 

It is admitted that our present proof for gunpowder affords very imperfect 
indications of real qualities. Experiments similar to those made in Belgium 
can very easily be carried out in England, and I beg to recommend the 
subject to the consideration of the Secretary of State for War/^ 
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The foUotdng es^tracU^ from tlieUepori of mAiiBtnmi military commissim 
on gun cotton, will he fotmd to contain informatmi of some inter est, not- 
wHhtanding its defeetite nature; and in the absence of fuller details, which 
the Committee trust to be able to produce hereafter, will give Officers some 
idea of the grounds on vMch so great a military revolution as the partial 
mhstikdloii of this substance for gunpowder, is being %m'hed oict in Austria, 

X H. L. 


Doting the a-utinmi of 1861, the ministry of war {Kriegs-IIimstermm) 
at Tieima, have appointed a commission to* inquire into the merits of the 
new explosive material, and to give an opinion on the subject. 

The conspicuous and striking advantages, which this new chymical product 
attested, may be regarded as the motive of this measure taken by the War 
Department of Austria. 

It is however to be remarked, that in consequence of peculiar circum- 
stances, not to be entered upon at present, all the members of the said 
commission have been well known to be adverse to the new material, at least 
np to that time. 

Notwithstanding this circumstance, the said commissioners have, after a 
most thorough test based exclusively on actual experiments on a grand scale, 
given a Eeport to the following effect : — 

1. By equal effects in heavy ordnance and small guns, the weight of 
new material to the weight of gunpowder is in proportion of 1 to S. 

2. Tlie effect of the new material is far more constant [bedeutend 
glmlmmsiger) than that of gunpowder; it must he acknowledged that the 
first i^ed preparative by ensuring a higher precision of aim, is consideraUy 
superior to the second [ein mesenilioher Vorzug), 

3. !nie new explosive material made in former times, and since duly 
preserved, shows, tfter the lapse of some considerable time, no alteration 
prejudicial to the effect and qumitra of the said preparative. 
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4. The destroyiiig influeBce {Emwirhmg) the new material on the 
barrel of bronze and other gnus is, entirely obviated {mifyelmbea) by the new 
material according to the official t.rials of 1'860. — .As a proof of the above 
I quote the fact> that after more than ,&0-00 — ^say two thousand rounds fired 
from a bronze 4-pr. in the shortest possible, interval the gnii has not suffered 
any damage whatever of its first effective qualities {Leist'Ungffftihigkeit). The 
new material .may also be employed with east-iron' breech-loading &e. 
with the same . success.” 

5. The method of producing the new material combines all the conditions 
wliieli lead ns (the commissioners) to the conclusion^ that the production of 
the preparative of a constant effect {gleielmlmig wirkend)^ and also its 
iiivariabieness^ are bound within rather wide limits. The necessary apparatus 
for the manufacture of tliis new material is simple and not expensive^, faci- 
litates and accelerates the manipulation^, which moreover is of a far less 
dangerous character than the manufacture of gunpowder. During, the 
summer of 1861 there have been produced about 50 tons of this new 
material without having been attended by the slightest accident.” 

6. The manufacture of all kind of cartridges for guns and for mines is 
very simple {rsehr elnfmli)^ easily and rapidly to be effected {leicJit und rmch 
bewirken), on account of the exclusive employment of machines^ whilst it is 
well known that with the manufacture of gunpowder cartridges, hand labour 
is predominant. 

7. The conveyance of this material to the most distant parts of the 
empire — with railway and common carriage — ^under intentionally difficult 
circumstances, has always been effected without delay or trouble whatever 


8. This new material after burning, leaves only an extraordinary small 
quantity of deposit {mr dimerst geringe Bliekstdnde). The barrel of a gun, 
after many rounds is scarcely blackened [nach melen Belimsen kaum 
gescliwdrzt)^ and the disagreeable smoke attending the explosion of a gun- 
powder cartridge is done away altogether {fdlU ganzweg.) 

9. The new explosive material submerged under w’ater six to eight weeks 
showed no alteration whatever of its previous effective qualities {keinerlei 
Verdndenmgefb ihrer unprUnglichen Wirkungsfdhlgheif) after being dried by 
means of machines in a few minutes. 

10. The effect of recoil is by employment of tins new 

material far less {bedeuteud geringer) than by the employment of powder 
cartridges. 

11. If we consider the quantities of gunpowder and this material to 
produce the same effect^ there is then at pr^nt no difference of note 
between the cost of both preparations! ^if however the manufackro. ^ tlii 
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material will be practised on a grand scale with- machines^, then its manu- 
facture promises considerable economical advantages in favour of ■ this new 
material* It remains further to be mentioned . that the small specific weight 
of this material and thereby the smaller expenses of conveyance^ as well as 
the possibility of employing lighter guns by these cartridges^, will cause 
savings which are not to be overlooked, 

£a consideration of the above report His Majesty the Emperor of Austria 
commanded the immediate and exclusive introduction of this new explosive 
material for the ordnance and smaller guns of the whole Austrian army and 
navy/'^ 
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REPORT 

OH 

EXPERIMENTS MMTH NATEZ^S ELECTBOMIA LU STK^ 
APPARATUS. 

By Captain Noble, late Eoyal Arlilierj, 


L In forwarding to tlie Ordnance Select Committee tlie resnitR of 
t!ie experiments in initial velocity, wliicli I have had the hoiioiir of* 
carrying on under their direction, I have to make the foliowing 
reniarks : — ■ 

2. The instniment employed in these investigations was the eieetro- 
hallisiic apparatus of Major Navez,* and it may not be out of place 
here to recapitulate the leading pointsof its cousiruetion. 

The apparatus itself is merely an arrangement for meaisui’Ing, wiifi 
extreme accuracy, a certain very small interval of time. Two screens, 
the nearer one a short space from the muzzle of the gun, are placed 
at an accurately measured distance apart, and it is the object of the 
insti’ument to ascertain the time which the projectile takes, to pass o^'er 
this measured' space. 

3. The apparatus consists of three parts, ilic peDdulimi, kQ,. ihe 
eonjunctor, and the disjimctor. The principal part is tlie pendulum 
and graduated arc. The pendulum, before an observation, is held sus- 
pended by an electro-magnet, the current magnetising which passes 
through the first screen. To the pendulum is attached, by means 
of the pressure of a spring, an arm with a vernier. The })ressure of 
this spring is so regulated that the arm vibrates freely with the peridu- 
turn, but at the same time it offers but little resistance to the action of 
a powerful horse-shoe electro-magnet, which, when the circuit mag- 
netising it is complete, clamps the vernier arm -with great firmness. 

4. The current which passes . through the second screen holds, 
by means of an electro magnet, a w’^eight suspended over a spring, a 
point from which is kept just over a cup of mercury. When this 
weight is permitted to fail, it presses the point into the cup of mercury, 
and completes the circuit, magnetising the horse-shoe magnet which 
clamps the vernier needle. This part of the appai.'atus is termed the 
conjuuetor. The action of the instrument is >very- simple ' and readiij " 
understood. When the projectile cuts the wires in the first screen, the 
magnet which holds the bob of the pendulum in its Initial position is 
demagnetized, and the pendulum commences an oscillation. When t fie 
wires in the second screen are cut, the weight of the eonjunctor drops, 
completes the circuit, clamping the vernier, and the arc throngli tvhich 
the pendulum has moved is a datum from which may be computed the 
corresponding time. 

o. An important part of the apparatus (the disjunctor) remains yet 
to be mentioned. It will be obvious that the arc which we have just 
supposed to be measured corresponds to the time which the projectile 
takes to pass over the distance between the screens, plus the time which 
the weight of the eonjunctor takes to fall from its initial position to 
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the Clip of iiierc'iiry. Now, to obtain the fomier, the latter of tliese 
liiiitM liJih to be rfiibtnicted from the reading of tbe lEstrumeiit, and tlie dis- 
jiiiiciur oiiabies ns to do this by permitting ns to brea.k both currents 
(imme ibroiigli the lirst and second screens) Bimultaiieously. The mode 
of procccinre is then as follows : — Tbe inslruinent being arraiigetl, tlie 
two foirreiits are simiiltaneoiisly bfoken by means oi the disjunctor, 
and tlm reading of the needle is recorded. The mstrument is again 
r.djiHted, tbe projectile lired the Telocity of wMcli it is desired to 
dek'rftiiiiej uml the reading of the needle again noted ; the former arc 
i.- .siibtraetei! fnun die latter, and the corresponding time computed. It 
will be observed that by the use of the conjunctor any constant source 
tif errf 4 * fftiicdi, for example, as the error due to the time required to 
clamp die vernier needle) is eliminated, as the same error will occur 
both iii llie dihjuiictor and the projectile reading, and by subtraction 
will disappear. 

The disjunctor also enables us to ascertain the degree of regularity 
with which the instrument is working, as the accidental variations of 
thi* ri'Ciding coiTespouding to the time 0, are of course the same as the 
viifialioijs which would occur In the reading corresponding to any 
other time. Major 'Ktivez lays clown, as a rule, that observations 
shotild not be procteeded witli wlieii In a series of ten or twelve dis- 
jiiiictor readiiigs there Is between two successive readings a difference 
greater than 0''^2d. 

Ch It is of some iroportuoce to be enabled to put an exact estimate on 
the clegn’ce of reliance to be placed on the results of Majoi* Havez’s 
lieautiful instrument ; and, to do this, let us observe that the ate frotti 
wliieh the required time is computed is the difference between two arcs, 
In our estimation of each of which we are liable to a small error. W e 
have in. fact the value of one arc ^ given by the equation 

where ^ and f are each subject to proba ble error s (let us suppose) 
r and | the probable error of # is then If, after the satis- 
factory working of the instrument has been ascertained, and the 
probable error determined, we take a single reading with the disjunc- 
tor, find then with the projectile, r and / are equal, and the probable 
errof of the observation is Wa have it, however^ in our power, 

if il h$ thotight necessary, to reduce even this error, for if the dis- 
juitcl :»r reading be laken, the mean of, say five observations, we have 

A' ==• an(S the probable error of * is wtich differs but 

ftligiiilj from r. An example will show how very trifling this etror 
generally is, With an Anmtmng iS-^pounder shell, whose velocity is 
ilefceirmlned to be 1,18! feet mr second, the value of r is found to be 
If and the disjunctor reading being the mean of five observations, 
th^wobable error of 

Heaea the ^ dipunctor reading being 42^*85, and the projectile 
reaik| !0’7®*4O, It follows that it is probable that in our determina- 
tion of ll01*2 ft, m the velocity at a point midway between the 
screeui, we do not make an error exceeding 1*4 ft., that is to say, it is 
m mem ciiance that the .ferhe velocity of the single observation lies 
between 1170 *8 ft* and 11 82 *'6 ft As the round ftoM which the 
abort wmaple is selected Is me of a ierfeB of iO, the probable eiror 
In onr letetthkatlon of the. paan valbciiy between the sereens will 
be leas^ thin pae-thM of that jiist, given, or the mean velocity may be 
ttssuiaed^ as f« as instramenM are concerned, to be 'practically 
eoitect ■ ' ' 
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7. The experience wliieli I have had with Major Havc-.-^V 

eiia!*le?i me to nay, that if ordimiry care he taken in their and llte 
in.*'!! iietieijs carefully followed^ the instruinentri are nearly perfect as 
to lea^'e little to Im desired^ while the ease with wiiieh tliey cnu he 
TiianipiilfiiC'd, mid the iBiinmerahie important prohiems wiiicli eim hi* 
rr*adily stih'ed by their means render them an inTaliiable, an 
iiitlispeiiHahie adjnnet to every school of instruerioiu 

8 . Two Insmiiiients, Kos. 24 and 32, were used in tfiese experi- 
iiients. The limes of vibrations of the pcmduiums were eareinliy 
cletermiiied by means of a stop 'watch, and the rate of the watch ivas 
ascertained by comparison with an astronomical clock. TJic cibserva- 
tkiiis made for this purpose are given in Appendices I*nos. I, and II., 
and from tliciii it appears that the time of a small oscillation In instini- 
inent Xo. 24 is 0*3320 seconds, w’-hile in Ho. 32 it Is 0“3337 seconds. 

lb III Appendices III. and IT. are given corrected tables showing 
the 2’elatloiis bettveen the arcs passed through and the corresponding 
durations for T == D*332C) see. and for T = 0*3337 see. 

10. The experlTBciits referred to in this i‘eport have regard eliiefly 
to initial velocity alone, and- for the Homll distance concerned tiu* hw 
of resistance adopted may he thought of small practical iiiiportaiici*, 
especially as before the experiments now being carried on arci con- 
tduded, tlic! Committee will doubtless be In a position to say whether 
this hi>v is better expressed l.w a funcflon of the form -f a as 
proposed by General Tiobert, or by one of the form -f ^ as pro- 
posed by the Count do St. Ibdcrr mid Colonel Mayevski. Jii the 
present instance, Ijotln the huv of red .stance uiifi the vuhies of the coetri- 
cierits given by General Didioii hi his invaluable work have been fol- 
lowed, although it may perhaps be Inferred ifom a pnissage in the recent 
edition of the Traite de Balistique,” that late experinients with the 
electropballistic apparatus do not give results in €|iiite so close an accord- 
fttica ■with theory as might have been expected. 

11. In the first edition of G-eneral Didioifs 'woi*k, published in 1848, 
a term was introduced into the expression of the resistance of the air 
dependent ib|kwi the diameter of the projectile, and this form of the 
citpressiciti has lieen generally used upon the continent, but a reealcu- 
111 lion of the data upon which this result was founded, has led Geiierfd 
Diclion to eonclude timt the coefficient is independent of the calibre, 
and that the resistaiiee Is reprei^mtecl with sufficient accuracy 'by the 
equation 






^{^■^415} 


( 2 ) 


where E r: radius, u r: velocity, ^ = density of the air at time of 
observation, and l| r: standard deJisity of air ; the metre and the kilo- 
gramme are taken as units. 

In tills formula the detiBltj of the kh is denoted by referring its 
weight to a stindard of coinpatlscn, which hi assumed as the weiglit of 
a cubic metre of air at a temperature of 15® Centigrade, semi -sal uVated 
*#1111 va|M)Er, and under a barcunetrio pressure of 750 millimetres. 

Hbw, if ia eepation (i) the English and pound be token ss 
I 2 sit% the value of the numerical coefficients will be altered, and the 
miuiitiffia heeomes 


lift 






111 tflo erdlwity iBimrnkkUmm of ife hardly neces- ' 

sary to tale the vdrfaiioM of of «r Into accomib ami 


A 2 


mi 
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it only remains so to alter the coeiOSeleBt •0005137, that the error 
arising from neglecting this variation may he as small as possible. 

12. According to Regnault, the weight of a cubic foot of dry air at a 
tempemtiire of 32® Fahrenheit, and under a barometric pressure of »30 
iiiclieg, is = 566*56 grains ; and according to the same anther the 
cwfficieiit of the expansion of the air for an increase in temperature 
of 1® is = *002036. Hence if S be the weight in grains of a cubic foot 
of dry air at any temperature t, and pressure 0, 


n 


566*56 


30 IF *002036 {f - 32®) 

but (see Miller’^s Hydrostatics, p. 28) — 
weight of mois t air at any temperature and pressure ^ ^ 
weight of 'dry air at same temperature and' pressure 
where T = tension of the aqueous vapour. Hence the density of the 
air under any circumstances will be found from the following equation : 


0*378 


n 


R 

30 


'j - 0-378 -5 ) 566-56 


1 + -002036 (f - 32°) 


■(3) 


and if we assinne as the EngliBli standard of comparison the weight of 
a cubic foot of air at a temperature of 60°, under a barometric pressure 
of 30 inches, and if we further assume the humidity = 0*5, from (3) 
we hnd ^ = 534*3 grains, and equation (2) becomes — 


p = -0005213 * (l + 


534-3 


..(4) 


and under ordinary circumstances the fraction may he taken as 

equal to unity. ■ ■ ■ ■ ■ ■ 

1 3. The above formula (4) applies to spherical projectiles ; in the case 
of the Armstrong projectiles, the resistance of the air is represented by 


p = -0003475 T R2 


..(5) 


1426-4/ 534-3‘ 

Tlie velocity at a point midway between the screens having been 
determined by observation, the initial velocity V is deduced from it by 

the equation — 


1 +. 


( 


.( 6 ) 


where r = 1426*4, x = distance, on the axis of the gun produced, of 

tlie point correeponding to e = g - — , w being the weight of the 

projectile itt Ibi., g the acceleration of gravity, and in the case ot 
sphericftl projectiles, =i *0005213 v R^, in the cme of Amstrong pro- 
jectiles :z; *CW3475 r R®. 

'' ' Dismsmn of ike Results. The expertments numbered I. to 
XlCm. relA’tc solely to the detenniaation of the initial velocity of service 
projectiles ired from seiwice guns with ^rvlce charges. The detailed 
results, of the. pmctlce furnished ^ m ,ext^mo give every particular with 
regard to It, and the following feble ^ves m abstract of the' genera! 
results- ‘ 
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Table I, 

Ahimei qf ike Mesuiis of EjtperimefiU to meertaiu the Irdikd Velotky 
of Serwiee Projectiles Jircd from Service Gum with Service Ckfirges, 



} K 

*3 

S 



Cliarge, 

Projectile, 


«$ " 

^ 1 ' A' 1 

Xstiire 

ofOrdaaiiee. 

S? 

1 

1 

Xature of Powder. 

' 

■Nature. 

/ $ 

.i 

*3 

-C sS ■ 

! il 1 

1 5*; ' 1 M * 

piB,87cwt. 

10 

12 

0 

L.G.W.A.,26’li;60 

Hoi, sliot 

88 5 

■9*a3S: 1270-4 

0-490 1292-3 

Do. do. 

5 

8 


L.G. Hall and Sons, 
22;'li;60. 

Mar. shell ' 

117 0 

9-8^ 

930-1 

0-175 940-6 

0-703 1679-0 

66-pr.j cwt. 

12 

16 

0 

L.G.W.A., 26,11 /SO 

Shot 

66 4 

7-915 

1553-1 

Do. do. 

7 

16 

0 

L. G. Hall and Sons, 
2211/60, 

Nav, shell 

51 8 

7-913 

1769-4 

0*237 IS09-9 

Do. do. • 

9 

16 

0 

Do. do. 

Com. shell 

49 14 

7-857 

1750-3 

0-348 I70Cr7 

Do. do. 

3 

10 

0 

L. a Hall and Sons, 
22/11/60'. . 

MAp. shell 

60 0 

7-S4S 

. 

1287*6 

0*131 1S08-5 

S-iii pan, CS mt 

5 

10 

0 

,Do. .'do. 

Hoi. shot 

46 0 

7-84 

1455-0 

0'5f>.l 1487-9 

Do. do. 

5 

10 

0 

. Do, do. .■ 

Com. shell 

49 14 

7-856 

1434*6 

0*573 im-i 

[ Do. do. 

5 

10 

0 

Do. do. 

Nav. shell 

51 8 

7-92 

1476-8 

0*306 1506-4 

, 82-|)r.j 08 cwt. - 
Do. do. - 

10 ' 

10 

0 

' L.G.W.A./2i};H/60 

Shot 

31 6 

6-174 

16.53*7 

'0*425 1690-0 

11 

8 

0 

Do. do. 

Do. - 

31 6 

6-176 

1684*7 

^ 0*010! 1618-7 

Do, do. 

11 

6 

0 

Do. do. 

i Do. - 

31 6 

6-175 

1418-S 

0*504 1447*5 

24-pr.* cwt. - 

11 

8 

0 

Do. do. 

' Do. - 

S 

5-602 

1679*5 

i 0*323 1720-5 

18-pr.» SS cwt. - 

IS 

6 

0 

Do. do. 

Do. - 

17 11 

6-W3 

1646*8 

‘ 0*148 1690-6 

12-pr., 18 cwt. • 

10 

4 

0 

L. G. - - - 

Do. - 

12 101 4-62 

1718*6; 0*884 11769*8 

9“pr,, 18 cwt. - 

10 

2 

8 

Do. - - 

Do. - 

9 6f 

4-10 

1563-0 

0*406 M13- 7 

e-pr.j 6 cwt. * 

10 

1 

8 

Do. 

Do. . 

6 81 

3-68 

14S5-S 10*418 1484-5 

la-pr. howr. GJ 

Ctrl, ' 

10 

1 

4 

Do. -■ 

Com, shell 

8 12 

4-454 

1124-2 

0*m 1103-4 

Mrpr, . do., 12 
cwt. 

10 1 

S' 8^ 
drs. 

Do, . - - 

Do. - 

16 111 

5*505 

1218-0. 

0*368 1252*7 

Wall pieeo 

8 i 

8 


E. R. - • - 

Ball 

0 5| 

0-935 

1134*8 

— 1167*6 

Enfield rifle 

S 

2‘5 

Ibs.oz. 

Do.,- - - 

M. hall - 

1 

530 grs. 

0*577 

■ 

1188*7 

— 1272-8' 

8-pr. Armstrong- | 

15 i 

0 12 

A. 4 W. A., 5/9 -'Sf) 

Sojr. shell 1 

6 0 

2*58.5 

037*5 

— 946-4 

12-pr. do. . - j 


1 

8 

A.4; W.A. - ' - 

i 

"Do. - j 

11 9 

3*084 

1180*9 

1*000 i 1190*2 


The results with the G-pounder Armstrong require confirmation. 

Ifc will be observed that the values of tbe “Measure of Precision” 
for each of the series of which the result is here given is placed in the 
shove table in a separate column. The value of this constant denotes 
the comparative regularity of the initial velocity. 

As might perhaps be expected, from the absence of windage, the 
12-poiinder Amstrong has shown the greatest regularity, and I have 
therefore assumed the measure of precision for this gun as unity. 

An inspection of the values of the “Measure of Precision ” will show 
how great is the amount of irregularity which exists in the initial 
velocities of some of the projectiles ired from smooth teed guns. 

To Illustrate the application of these constants, we may compare 
their values for the 12-pouuder howitzer and the 12-pounder 
Armstrong, the velocities of the projectiles hred from these guns being 
nearly the same, but by the table it appears that the measure of 
precision in the former case is only about one-fourth of that in the 
latter ease, or in other words the mean error in initial velocity alone is 
nearly four times as great. The great Irregularity in the initial velocity 
of til© Martin sliolls is also very conspicuous. 

* ' 15# The relation between initial velocity, weight of charge, weight 
of pr^ectile, and length of bore is given (see Didion, “ Tralt4 de 
Ballstique,”) by the following equation : — 

tTsfty . / ^ ) 




( 7 ) .. ^ 


when Y sp Initial velocity, y, ss weight of welgit of shot, 

'boltoia, M srfs quaatily of powder io liE-' the € = 


mir«UXJS» W Ui?' 


ealibro of gon, = diameter of sliot. 7 and X are constants wliosc 
values have to be determined by experiment. The second term pf the 
niglit-liaiid member of equation (7) represents the decrement in initial 
velocity due to windage, and the value of the coefficient X should ])e 
derived from a series of experiments expressly instituted for the pur- 
pose. Strictly speaking this value depends upon a great variety of 
conditions, hut ehiody upon the strength and physical properties of 
the powder, and upon the length of the bore of the gini. Under 
normal cij’cimistances, however, a mean value of X may, with but a 
very tridiiig error, be assumed, and General Uidion, in his work 
above referred to, gives X = 2300 as the result of the French inves- 
tlgiitioiis -with the service gunpowder, but an analysis of the above 
experiments points to a considerably higher value. Indeed, from 
Instances in these experiments, where the vaiiation in windage was 
sufficiently great, 31 08 has been obtained as the mean value of X, and 
ns this number very nearly agrees with that stated by Colonel Boxer to 
result from the mean of Major Mordecai’s extensive experiments on 
windage, I have taken as correct the value of X, viz., 3200, given by 
that officer. 

Assuming X as above given, 7 is easily computed from the data 
fuiTu>sIied by experiment. 7 varies chiefly with the nature and con- 
dition of tli.e powder employed, and the annexed table gives tlie values 
wlileh have been obtained for the several guns experimented with, and 
the nature of the powder used in eacli case. 

Table II. 

VOflues of 7 for the undeMiientioned Smooth bored Guns deduced from 
the Experiments recorded in Table L 


E'ature of Gun. 

Nature of Powder. 

' 

Value of 
7 

Nature of 
Gun, 

Nature of Powder. 

Value of 

y 

lO-incb gun - 
68-pr. OSewt. 

Do. do. 

8-incli gun, €5 cwt. 

S2-pr.58cwt. 

L.G.W. A., 20/11/60 
L.aW.A.,2Gni/60 
L.G. Hall and tSons, 
22/11/60. : 

L. G. Hall and Sons,! 
22/11/60. 1 

L.G. W.x\.,22Al/60 

3284* 

3491- 

S53C‘ 

3307* 

■ 3428* 

24-pr. 60 cwt. 
18-pr.38cwt. 
12-pr.l8cwt. 
9-pr. 13 cwt. 
6-pr. 6 cwt, - ' 
12-pr, Howr. 
24-pr. Howr. 

L. G.W^ A., 26/11/60- 
L. G. W. A., 26/11/00 

L.G. - - - 

L. G. . - . 

L.G, - - - 

L.a . - «! 

L.a . . 

3390* 

3454- 

3561* 

3422* 

3321* 

3291* 

3276* 


The experiments under discussion show that the equation 




, M 
m ^ 


-3200 


C^-C'2 

C2 


( 8 ) 


gives the velocity due to a variation in the weight either of the 
charge or projectile with great exactness, the proper value of 7 being 
used in each series, and this equation has therefore been used to 
calculate the initial velocities of the various projectiles ^ thrown from 
smooth bored guns. 

These velocities may be depended upon as correct (supposing the 
same powder to be used) within very narrow limits, and the computed 
velocities are in this case perhaps preferable to direct determinations, 
as, unless the whole series for. each gun were carried on at the same 
time^ and with powder of exactly the sauie naturp and date of manu- 
facture, aiscrepancies from variations in the strength of the powder 
would be sure to arise. 


‘ The mean weights and wmdai^es of ilxe VMhns projectiles have ])een taken. 
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Table in, ' - 

Table showmg the Initiai Velocities oj* the various Service Projectiles 
Jired from the under-7mntloned Gmis, The velocities priuted iu 
italics are observed. The remainder are ml culated from, the data 
furnished by the observed velocities. ■ ■ 






Calibre 

Charge. 

Projectile. 

Wind- 

.' ' ■■ ■■■ ■■ 

Initial 

-.lilliUi-C Vi. V/1 UliUiUJC. 


Mature. 

Weight. 

ago. 

: 

Telocity, 

lO-giin, S'/ cwt. 




If 

10 

lbs. 

12 

HoLsIiot* 

00 

ff 

•142 

Tect per sec. 
-^2^0' 4 

, 



. 


8 

Mar. sli. - 

117*14 

•1425 

(jJO’i 

' if 



. 

Si 

12 

Com. sh. - 

92*625 

*15 

1257*5 

» ■ ■ )>' " 



. 


,, 

Case " 

77*625 

•IS 

1353*7 .. 

CS-pr. QucwL - 






Grape 

83*375 

•IS 

1308'! 




8*12 

16 

Shot 

66*224 

•1(58 

■i.'iyr/o 






•f 

iTaw. sh. - 

51*5 

*17 

ihOf/f) 




- 

a 


Gobi, sh. - 

49*875 

*226 

'jyf/ry 

« »» 




■ j» 

■ 10 

Mar. sb. - 

60*0 

•2?^5 

isoS'ri 




iS 

16 

Biaph, sh. 

■60*75 

*195 

1627*9 





u 

»r 

Case . . r-. 

45*687 

■ *265. 

1818*1 







Grape - 

66*5 

•3 

1475*3 

S-giin, 65 ewt. - 




8*05 

10 

Hoi. shot - 

46*007 

*21 


» »» " 




ti 

' T* 

Com.sh. - 

49*875 

*194 

^4^4’ 4 

)> t» ' " 




Si 

SS 

Mar, sh. - 

51*5 

*13 

'ifiOfr4 

») « ** 




» 

SS 

Biaph. sh. 

60*75 

•125 

1356*9 

' •» ' n 




SS 

SS 

Case ■ 

45*687 

*195 

1712*7 

» )i " 



- j 

*(* 

J 

Grape 

66*5 

•23 

1214*4 : 

S2-pi% 58 cwt. " 




C*375 

io 

Shot 

31*375 

'196 

<f6Q0'0 





a 

8 

SS 

31*389 

*194 






Si 

6 

SS 

31*319 

•195 

'/.■.07'..« 





IS 

10 

Com. sli. - 

24*312 

*198 

1912* 6 





Si 

SS 

Biaph. sh. 

28*75 

•198 

1762*4 






J, 

Case 

S6*0‘.44 

•228 

1513*8 






J, 

Grape 

30*25 

*228 

1510*3 

24-pr. SOewt. - 




5*823 

s 

Shot 

23*047 

*208 

. 4720'ri 

1> S» ■ 




SJ 

SS 

Com. sh. - 

17*5 

•228 

1948*2 

ff .. " 




,J 

SS 

Biaph. sh. 

20*875 

. *228 

1786*0 

if Si ’ 




Ii 

» 

Case 

25*594 

•2435 

1591*7 

' w ' »»' “ 




JJ 


Grape 

26*0 

■■•253 

1571*6 

18-i>r.3Scwt - 




5*292 

6 

Shot - 

17*656 

*205 

■^Cqo'6 




!•> 


Cbm. sb. ' 

13*125 

•193 

1971*6 

ji »> ■ 




IS 


Biarih, sh. 

15*875 

*193 

1797*3 

Si Si 




IS 

SS 

Case 

19*562 

■ *218 

158S-5 

ii a 






Grape 

1 19*5 

*218 

1591*2 

12-pr.lScwt. - 




4*6& 

4 

Shot - 

I 12*656 

*803 


■ it “ 




s» 

St 

Com.sh. « 

9*0 

*169 

; 1987*4 

sr '' ' it ' ^ 


1 ' ; 


l> 


Biaph. sh. 

: 10*375 

*169 

1854*7 

S' a 




Si ' 


Case- 

1 16*025 

•159 

1-169*8 

9-pr. 13 cwt. - 




4*2 

2*5 

Shot 

9*359 

•1 

■iO'/rry i 

Si ■ it 




Si 

SS 

Biaph. sh. 

8*062 

•12' 

; 1707*3 

u s» 




IS 


Case 

13*0 

*1315 

1318* 8 

6-pr. 6 cwt. 




3*668 

1*5 

Shot 

6*23 

•1 ' 


)» IS 




SI 

y, 

Biaph. sh. 

5*125 

*118 

1608*8 





SS 

Case 

8*5 

•1275 

1215*8 

18-pV. Howr.fii i 

DWt. 



4*58 

1*25 

Com.sh. - 

9*0 

•126 


}? » 




sj' 

SS 

Biaph. sii. 

10*465 

.*126 

1 1058*1 

• 

. 



SJ 

SS 

Case 

8*118 

•148 

1 1185*5 

24*pr. Howr. 12 cwt. 



5*72 

2*5 

Com. sh. - 

17*6 

*125 

I 

' ■ ■ ■ „ "'■■■■■ 55 ' ■ ' • 




' 'S5 

SS 

Biaph. sh. 

20*875 

•125 

1113*0 

» » - 





St 

Case 

14*014 . 

I 

' '‘IS 

1309*0 


Variation of the Initial Velocity of the l2-pounder Armstrong in terms 
of the Weight of the Charge. 

16- The decrease in the range of the 12-pOTOd6r Armstrong,, cine to 
to a slight reduction of the charge, had not, iii- "experimental practice, 
escaped the notice of the Ordnance Select Committee, and it becam^^' 
a point of infe? est to 4^terinine tb# dependence of the initial Telocity on 
the charge, and to i^oertain |f it followed e¥0n approximately the srane 
laws as have been laid 'dowi^ smooth bored gwnf, . : - ’ : ' 
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17. The experiments numbered XXXII. to XXXYI. inclusive were 
undertaken with this view, but in laying clown in the form of a diagrmn 
the results thus obtained, marked differences were found to exist, which 
will best be understood by comparing the two curves delineated in 
fig. 1, in the accompanying diagram. The black line in this diagram 
shows the relation of the initial velocity to the charge as derived from 
this series, by actual observation, while the red line denotes the hypo- 
thetic relation as determined from the equation— 



where jU. ^lnd^?^ denote the weight of the charge and shot in lbs., the 
value of the constant in this equation being determined from the 
velocity when the service charge of 1 lb. 8 oz. was employed.^ 

It will be observed that while the hypothetic curve is always 
concave to the line of abscissae, in the curve derived from actual 
observation there are two points of inflexion, it being in one portion of 
i ts trace convex instead of concave to the axis of x. 

18. To check the results obtained in this series, a second series with 
another gun was subsequently made, the details of which are given in 
XXXYII. to XLIII. Their graphical representation is delineated 
in iig.*2., in which as before the black line denotes the observed 
curve, the red, the computed one, the value of being given by the 
equation — 



the coeifleient ill this case, as in the former, having been determined 
from the data^ furnished in the case where the service charge was 
used. 

_ 19. in this second case, the initial velocities are, owing to 

powder of a different strength having been used, veiy considerably 
under the velocities in the former case, it will be noticed that the same 
peculiarities are observable, there being a portion of the curve with its 
convexity turned towards the axis of abscissm. 

20. The cause of the wide departure from the normal law exhibited 
in these diagrams is easily explained. It will be remembered that in 
the Armstrong gun, the shot always occupies a definite position in the 
bore, the service charge nearly filling the powder chamber. Hence it 
follows, that if reduced charges be used, additional air space is left in 
the chamber, so that in addition to the decrement of velocity due to 
the reduction in the charge, there is to be added the decrement due 
to the increased air space, and it is easy to see how the combination of 
these conditions may produce the abnormal results alluded to. 

_ 21. The annexed Table gives an abstract of the results of these ex- 

perlmente, »d'I, t|We giving for powder of- average 

. fctrength, the mitial Velocities for- various charges. - - . 
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Table IV. 


Abstract of the Results of Experiments to ascertain the Initial Velocity 
of l2-pr, Armstrong Projeetiles in Terms of the Weight of the 
Charge, 


Arm* ■ 
strong 
12-pr. 

No. of 
Bounds. 

Charge. 

Projectile. 

Velocity 

at 

30 yards. 

Initial 

Velocity. 

Bemaeks. 

Weight. 

Biam. 



r 10 

1 4 

11 9 

3*084 

1055*3 

1063*1 





10 

1 6 


3*085 

1092*4 

1100*7 



Wo. 224' - 

■i 

10 

1 8 


3*084 

1180*9 

1190*2 


^ 1st series. 



10 

1 10 


3*084 

1224*8 

1*234*6 





^ 10 

1 12 

IT ' 

3*084 

1262*0 

1372*2 





r 10 

0 14 

TT )f ' 

3*084 

803*8 

809*2 





10 

1 0 


3*084 

863*9 

870*0 





10 

1 2 1 


3*084 

■ 924*0 

931*1 



No. 1050 


10 

1 4 

» » 

3*084 

997*8 

1005*1 


^ 2iid series. 



10 

1 6 

t> tf 

3*084 

1050*2 

1058*0 





10 

1 8 

n » 

3*084 

1106*4 

1114*8 



■ i 

' 1 


L 10 

1 10 i 

« j> 

1 

3*084 

1178*0 

1187*3 




Table V. 


Table showing the Velocity of a 12-pr. Armstrong Projectile 
relation to the Weight of the Charge, 


in 


Weight 

of 

Charge. 

Initial 

Weight 

of 

Charge. 

Initial 

Weight 

of 

Charge. 

Initial 

Bemases. 

Velocity. 

Velocity. 

Velocity. 

lb. oz. 

0 14 

0 15 

1 0 

1 1 

1 2 

ft. 

870 

908 

943 

976 

1,007 

lb. oz. 

1 3 

1 4 

1 5 

1 6 

1 7 

ft. 

1,030 

1,063 

1,087 

1,119 

1,155 

lb, oz. 

1 8 

1 9 

1 10 

1 11 

1 12 

ft. 

1,190 

1,214 

1,234 

1,254 

1,272 

The weight of the projectile 
for this table is 11 lb. 9 oz. 


Variation in the Initial Velocity of the Armstrong Projectiles in terms 
of the Weight of the Shot, 


22. From the considerations mentioned in the foregoing paragraph 
it would naturally be expected, that if the weight of the shot be varied 
instead of that of the charge, there would be a much smaller discrepancy 
between the computed and the observed velocities, as in this case the 
charge remaining the same, there will be no variation in the amount of 
air space in the powder chamber. 


23. The series XXIX. to XXXL and LIII. to LVIL were undertaken 
with a view to elucidate this point. A gi'aphical representation of the 
observed and computed velocities is delineated in fig. 3, the computed 
velocities being obtained from — 
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log. 
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and a glance will show how closely in this case, the observed velocities 

accord with the hypothe'llcal’onoB. . ' 


■ 
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At one point only (where the 9 lbs. projectiles were used), is there 
any appreciable difference, and this difference is capable of the same 
explanation as has already been given in par. 20, as, from the con- 
struction of this projectile, a greater air space was left in the powder 
chamber than in the case of the other projectiles, the position of the 
base of all of which in the bore of the gun was identically the same. 

The annexed tables exhibit an analysis of the results obtained from 
these experiments. 


Abstract of the Results of the Experiments made to determine the 
Initial Velocity of Projectiles fired from the 12-pr, Armstrong Gim^ 
the Weight of the Shot being varied. 


Table VIL 


Table showing the Velocity of Projectiles of various Weights fired 
from a X2-y;r. Armstrong Gun, 


Wci?:lit Initial 
Shot. Velocity 


Wei{?lxt 
Charge. of 
Shot, 


Wofeht Initial 
Shot. Velocity. 


Initial 

Velocity, 


Charge. 


Charge. 


Variation, in Initial Velocity between high and low Gauge Projectiles 

{Armstrong). 

24. The experiments numbered XLTV. to XLVII. were made with 
a view to ascertain whether is any difference in velocity between 
projectiles of the highest and lowest gauges admitted into tlio service. 

The results of the® exptrimMits are here given, and it will he seen 
that there exists between the velocities no appreciable difference. 


Annstrone 

Ho. ! 

Projectile. 

Velocity 

Initial Velocity. 


of Charge. 

12 -pounder. Roimd;^. 

Weight. 

Diameter. 

at 

SO Yards. 

i 

Observed. 

Computed. 


c 

11 1 8 

11 13 

3*0S4 

1164*5 I 

1173*4 



No. 221 4 

11 „ „ 

11 5 

3 '084 

1192*9 

1202*5 

— ! 


1 

10 

10 13 

3*084 

1209*8 

1220 1 

— 


f 

s „ „ 

0 0 

3*074 

1322*3 

1330*3 

1384*0 


! 

d ,, „ 

11 9 

8*084 

1227^4 

1237*2 

1287*0 


No. 1,050 < 

0 „ »> 

24 6 

3*084 

853*9 

866*7 

860*3 


1 

6 » 

35 14 

8*084 

i 720*0 

721*6 

710*1 


1 

S » 9 , 

47 13 

3*084 

■ 613*9 

614*8 

618*1 
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■ Table. ^ VIII. 


Abstract of the Results of ike Experiments made to ascerixtm ike 
Difference in Initial VeUeitp betimen High and Low Gauge Pro] cc tiles. 


tc 

"S § 

a ft 

1 

1 

o 

Charge. 

Projectile. 

Velocity 

at 

30 Tai’ds. 

Initial 

Velocity. 

EE, MASKS, 

Weight. 

Diameter, 

. ' 


! 

1 . 5 

[ 6 

1 11' 
t 8 

Ihs. oz. 
I 8 

99 99 

. '55 93 . 

, » » 1 

lbs. oz. 
11 Q 

» , fj 

j» )» 

n »} 

3 ’080 
3*085 
3*080 
3*085 

imn 

1 1177*2 
1184*1 
1187*8 

1193*4 

1180*5 

1193*4 

1197*1 

j Bore wjished, 
j Lubricating wads nsetl. 


2o. In the series numbered XL VIII. to LX ai*e given the eom« 
parativc initial velocities of the old (A) and new (Q) pattern 12-pr. 
shells, both with and without lubricating wads. 

It will be seen that while the ojd pattern shell lias, although scarcely 
appreciable, a slightly higher initial velocity, due to the greater dia- 
meter at the back end, the introduction of the lubricating wads adds 
to the velocity about 15 feet. 

The eh«.‘ct of the greater diameter at the back end will be again 
referred to ; but it is interesting to observe that while the initial velocity 
is increased by offering, in the llrst instance, increased resistance to the 
motion of the projectile, it is also increased by diminisiiing as much as 
possible the resistance of the friction in its passage throngh the bore. 
The explanation of these results is too obvious to require remark. 


Table IX. 


Abstract of Experiments made to ascertain the Difference in Initial 
Velocity of old and neto Pafteim 12-pr, Shells, with and tvilhout 
Lubricating Wads* 


Armstrong 

13-pouiider. 

1 

o 

|25 

Charge. 

Projectile. 

Velocity 

at 

30 Yards. 

Initial 

Velocity. 

Eemarks. 

Weight. 

Diameter. 

S{ 

1 

15 

14 

18 

30 

lbs. oz. 

' 1 8 

ti jj 

lbs. oz, 
11 9 

: ?* ' . >» ■■ 

3*072 
3*085 
i 3*072 
' 3*085 

11.54*2 

1157*1 

1142*0 

1140*6 

1103*2 

1106*1 

1150*8 

1149*4 

Q pattern sholiJubricatiiig\rad. 

A Sj y, ft ,j 

4 „ s, boro washed. 

A » „ „ „ 


26, The annexed table gives an abstract of the experiments made to 
compare the initial velocities of shell of the same form and weight, tired 
froih rifled and smooth bored 32-prs. of 5B cwt. The ribbed shell was, 
in the irst case, tired from the rifled gun. Shells of the same form, , 
diameter, and weight, but with the ribs removed, were then tired from 
the rifled gip, #»nd finally similar sfielk were fired, from a smooth bored ' 
32-pr; 

The velocities in these three eases 11^% , 

and 1201*7 ft. gimt. velocity in the 
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second case is due to the escape of gas by the grooves in the rifled 
gun. 


Table X. 


Abstract of Experiments to ascertain the comparative Velocities of the 
same Shell fired from rifled and smooth bored 32>'prs, of 58 ciat. 


Hatur© 

of 

Gun, 


Projectile. 

Velocity 

at 

SO Yards. 

Initial 


CIiaTge. 

Nature. 

Weight, 

Diameter. 

Telocity. 

.. , Eemaees. 

32-pr. rifled 

;i2'-pr.58 cwt. 

lbs. oz. 
5 8 

PI. shell 

» » 

99 99 

lbs. oz. 
54 6 

64 0 

64 0 

6*860 

6*860 

6*860 

1216*7 

1122*1 

1187*4 

1224*6 

1186*3 

1201*7 

Nibs of shell removed. 
Do. do. 


27. With the same rifled 32-pr, gim experiments were also made to 
ascertain the reduction in the initial velocity due to an elongation in the 
cartridge, and the results of these experiments are hei^e tabulated. 


Table XI. 


Abstract of Experiments made to ascertain the Initial Velocities of 
Projectiles fired from a 82-pr. rifled Shunt Gtm, tvith Charges 
made up in Cartridges of various Lengths, 


Nature 

of 

Gun. 

1 

o 

d 

Oarti'idgo. 

Projectile. 

Velocity 

at 

30 Yards. 

Initial 

Velocity. 

: 

IlEMAEKS. 

Charge. 

Length. 

Nature. 

Weight. 

Diameter. 

Rifled 1 

se-pr.] 

4 

a 

1 

1 

3 

lbs. oz. 
6 8 

i .'.n.. 99 . 

12 ins. 
9 „ 

s „ 

: 

6 » 

[ 

I^sr 

lbs. oz. 
j" 64 0 

i» » j 

6*860 
6*860 
6*350 
6*350 : 
6*850 

1054*6 

1076*8 

1102*2 

1114*5 

1187*9 

1061*7 
"1084*2 .. 
1109*8 
1122*8 
1196*4 

— 


From the rapid decrease in the initial velocity shown in this table, 
the effect of the variation in air space in the 12-pr. Armstrong, to 
which I have already alluded, will be easily understood. 

28. The experience of the preceding practice, together vuth 

+5 jr\TMrt T. tt ? i-. i t-i -i- « i-l . 


theo- 




retical considerations^ having pointed to a probable decrease in velocity 
should the diameter of the projectiles be diminished or reduced to that 
of the bore, the experiments numbered LXIX. to LXXII. were under- 
taken with the object of corroborating or disproving this view. 

From the abstract of this interesting series it will be seen that while 
the velocity of the pi'ojectiles under normal circumstances was 
1248*2 ft. per second, when their diameter was reduced to that of 
the bore, with the exception of a narrow band at the back end, it 
became only 12(^*t ft. per ^^ohd ; and when the diameter was finally 
reduced throughout to that of the bore, it was reduced to 1172*8 feet. 
In the rounds fired with thBiteduced diameters, the projectiles in all 
cases; appeared to ,|>e^rfocfiy ; in flight. 
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Table. XII. 


Abstracts of Experiments made to determine the Effect on the Initial 
Velocity of diminishing the Lead 07i the l2-potmder Armstrong 
Projectiles, 


fl ^ 

0'S 

la 

“S iH 

No. of Rounds. 


Projectile, 

Velocity 
■ at 

30 Yards. 

Initial 

Velocity. 

EEMAEES. , 

Charge. 

Weight. 

Diameter. 

O 

4 

2 

2 

lbs. oz. 
18 

lbs. oz. 

11 9 

n n 

3*074 

3*010 

3*010 

1238*3 

1200*2 

1163*7 

124S*2 

1209*7 

1172*8 

C Shell fired under normal cir- 
1 cum stances. 

/Same shell reduced to the di- 
j ameter of 3*01, with the ex- 
1 ecx)tion of a ring at the base 

L '25 inches broad. 

Same shell reduced throughout. 


29. The experiments with the Armstrong 12-pr. having been chiefly 
carried on with the same gun, the initial velocities obtained under 
similar circumstances become a measure of the variability, in strength, 
of the service gunpowder, and it is somewhat surprising to hnd so 
great a variation in powder recently made and professedly of the same 
make. For illustration of this remark, I may point to the differences in 
initial velocity exhibited in figs. 1 and 2. In this case, it is true, the 
results were obtained from different guns; but under similar circum- 
stances, these guns were found to give nearly identical velocities. Another 
even stronger case, however, may be taken from the velocities given on 
different occasions by the gun numbered 1050, Thus, on the 12th 
March 1861, with a service charge of powder marked (A, 4, W. A., 
5/9/60, lot 288), the initial velocity was found to be 1114*8 feet, while 
under precisely the same circumstances, on the 15th March 1861, with 
powder marked (A, 4, Hall and Sons, 11/7/60, lot 2), the initial 
velocity was 1248*2 feet per second. I may observe that with the 
Armstrong 12-pr., when the same powder is used, the variation in 
initial velocity is very slight, the extreme difference in 10 rounds 
rarely exceeding 20 feet. 

30. On actual service it is obvious that the strength of the powder 
may be expected to vary considerably more than is here indicated ; 
and I venture to draw the attention of the Select Committee to this 
point, as one seriously affecting the precision of rifled, or indeed of 
any guns, and as a case in which the electro-ballistic apparatus might 
be most advantageously employed. 

31. My attention during these experiments was eaidy drawn to the 

ranges obtained at P. B., and at small angles of elevation, with the 
12-pr. Armstrong. These ranges considerably exceeded those of the 
smooth bored field service guns, although, of course, the initial velocity 
in these latter is veiy much higher. I therefore took the usual steps 
for ascertaining the angle of departure,” and, as much additional 
trouble was not entailed, I also made arrangements for ascertaining 
the ordinates at various points of the trajectory. It will be seen by 
these observations that the angle of projection of a projectile fired from 
a 12-pr. gun, ^ciirately laid with its bore horizontal, varied from 
.0^23' 30'^ to the mean angle of projection being 25' 33'^, 

while in the same gUii with an elevation of 30', the angle of 
projection varied fWm 6", the mean angle being 48' 18". 
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In figs. 4, 5, and 6, I have laid down, for the information of the 
Committee, the mean results of this practice, the observed trajectories 
bcijig denoted by black, the computed by red, and for the sake of com- 
parison I have also shown, in blue lines, the departure of both curves 
from the parabolic. 

The annexed abstract will show how close is the agreement between 
the computed and o])ScrvecI ordinates in the curves delineated ; while a 
similar comparison for the majority of the curves observed, is made in 
the detailed report of of the practice furnished herewith. 


Table XIH. 


Abstract of the Results o f the Experiynents made to ascertain ike Angle 
of Projectio 7 i and the Trajectories of the \%fr, Armstro)tg Pro- 
jectiles when fired P, i?., €md at an ajyparent Elevation of 30'. 


{continued) 


32, I may observe that the ordinates were first calculated upon the 
hypothesis that the resistance of the air was given by the equation 


p = *0003475 I 1 + !! I 

534^3 I I 1 + 1426*4/ 

but it was found that the actual ordinates were more ncai*ly represented 
by using the same constant (*0005213) as is used for smooth bored 
projectiles. 

The accordance of the ordinate^ calculaied on this hypothesis are 
on the whole, exceedingly close r but it would be unwise to place too 
great dependence upon the resnlM of experiments so partial, and carried 
on At sih^h low angles. 


Elevation 

given. 

Anglo 

of 

Velocity 

at ! 

Ordinates at 

Initial 

Velocity. 


Depa,riui*e. 

30 Yards, i 

Obs. 

Com. 

i- , 

Obs. Com. Obs. Com. 

i . 

■ a .'t 

0 / // 

ft. pel' sec. 

ft. per sec. 

1 


0 0 

0 25 44 

1188*1 

1197*5 4*832 

4*832 

5*083 5*097 5 *459 

0 0 

0 25 56 

1170*7 

1179*8 4*834 

4*832! 

5*085 5*118 5*472 5*443 

0 30 

0 4B 35 

1179*6 

nSS*9 5'431 

5*.441 

— — 7*421 7*44 


■ , ■ Ordinates at';-' ■ | 

450 feet. GOO feet. 

760 feet. 

900 feet. 

1,050 feet. 

1,200 feet. 

: 

1,355 feet. 

Obs, 

Com. Obs. Com. 

Obs. Com, 

Obs. Com. 

. . 

Obs. 

Com. 

Obs. 

Com, 

Obs. 

Com. 

5*£ 

6*255 4*527 4*483 

3*417 3*133 

*869 1*003 

— 

— 





5*202 

5*207 4*425 4*359 

2*75 2*97 

- 





— 

— 

8*359 

3 

00 

CO 

1 
CO : 

8*183 8*025 

7*089 7*056, 

- 

6*428 j 


8*038 

0*46 

0*01 



i.' , , , 1 . ■ , ■ „ 



.. 

■ ■ ' 3 

— 

— 
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33. The following table, gives an abstract of the results of several 
miscellaneous experiments ■ 


Table XIL 



f Experiments to 
! ascertain the initial 
^ velocity of a 9-pr. 
slieil ^yith a charge 
Lofllb. 2 02 . 

{ Experiments to 
ascertain the initial 
velocities of 12-pr. 
shells, fired from a 
12-pr. gun of 6 cwt. 


2«pr,, SI cwt, 
Armstrong. 


2-pr;, 0 cwt. 
Armstrong. 


' Experiments to 
ascertain the dif- 
ference in initial 
velocity and regu- 
larity of two 12'prs., 
the first of which had 
been exposed to the 


1 weather for several 
Lweeks. 


Experiments to ascertain the initial velocity of the old pattern (25 lbs.) projectiles 
fired firom 20-pr. guns. 


lbs. 02 . lbs. 02 . 

r2 8 S. shell 25 0 3*830 965*8 

„ „ dOi „ „ ,, 1014 j*4 

la 13 do* » „ 1085*3 


f Without lubrica- 
Iting wads. 


Armstrong, 


Lubricating wads 


Short as-pr. 
Armstrong, 
No. 405* ■ 



Projectile. 

Velocity 


. Mature of , 



Initial 

Charge. 


at 

IlDMAEKS. 

Gun. 

Mature. Charge. Diameter. 

jso Yards, 

i Velocity. 
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Marclx 7, 18 61. —Barometer (32^), 30*050. Therm, (dry), 5l°*0. Therm., wet, 49°*0. Elastic force 
of vapour, *321, Humidity, *86. Weight of cubic foot of air, 544 * 2 grs. To ascertain the initial 
velocities of the 10-in. hollow shot and Martin’s shells, fired with service charges. 


■ ■ ■'ZS' " 

S 

s 

o 

Haturo of Ord- 
nance. 

Charge. 

Projectile. 

Eo- 

coil. 

Heading of 
Needle. 

Velocity, 

Range 

Remaeks. 

Nature. 

Dia- 

meter. 

Weight. 

Dis- 

junctor. 

Pro- 

jectile. 

At 

30 yds. 

Initial. 




lbs. oz. 




lbs. oz. 

/ 

// 

o 

0 

ft. 


ft. 


yds. 



f 1 

.fc? . 

12 8 


§ 

9*83 

88 12 



43*65 

103*80 

1270*1 




3;17*8 

Gun laid p. b. every 


2 





9*84 

87 12 

- 

43*80 

* 





324* 

rotind with spint 


3 


■ 



9*84 

88 4 



43*70 

102*65 

1296*3 




873*5 

level. Mounted 


4 


))}> 


. 

9*84 

87 8 


— 

43*85 

103*75 

1271*2 




385*5 

on a rear chock 


5 


n ij 



9’84 

89 0 

6 

6 

43*85 

103*55 

1275*7 




382*6- 

carriage weight. 


C 


33 >3 



9*83 

87 8 

6 

6^ 

43*85 

103*65 

1273*5 




' ■ i 

Slope of platform, 


7 

■ 

33 >3 



9*84 

88 8 

6 

8^ 

43*60 

lot* 35 

1257*8 




358*7 ■ 

5°. 


8 


33 3 



9*85 

89 12 

6 

5 

43*85 

105*60 

1230*7 




360* 

* Observation des- 


9 


33 3) 



9*84 

89 8 

6 

9 

43*85 

104*05 

1264*5 




382* , 

troyed by proof. 


10 


33 53 


US 

9*83 

89 0 

6 

5 

43*60 

104*05 

1264*5 




: 496*3 

fNot observed. 


11 


33 S3 



9*83 

88 4 

6 

11 

44*00 

i t I 

— 1 




S 254*3 

j Signal mistaken. 

112 


33 )3 


■tH 

9*84 

87 0 

6 

11 

43*90 

102*70 

1299*3 

J 



264* 

Weight of caiTiage, 

' 

ri3 

§1 

8 0 


. 

9*84 

117 4 

6 

81 

43*00 

121*45 

951*7 



r 

383* 

20cwt. Iqr. Pow- 

. 

14 




o-a 

9*84 

117 0 

5 

9 

37*10 

118*75 

904*3 




391*5 

der, L.G., W.A., 


16 

* o 

3» ” 

I 


9*84 

117 1 

5 

9 

87*25 

119*45 

895*2 

( 

J 

^ yw 0 J 


3^9*7 

26/11/60. Lot 260 


16 


33 3 

1 


9*8?i 

117 4 

5 

10 

37*10 

114*00 

969*2 


Mean 1 


335* 

for hollow sliot. 


J.7 

o°° 

33 33 

J 


9*84 

116 13 

5 

9 

37*00 

t 

— 

J 

930*1 1 


357*0 

L. G., Hall and 


















Sons, 22/11/60, 


















Lot 814. 


Marchs, 1861. — ^Bar. (32°), 30*170. Therm, (dry), 54°*3. Them., wet, 51° *8. Elastic force of 
vapour, *352. Humidity, *833. Weight of cubic foot of air, 542 * 6 grs. ‘ To asceiiiain the initial 
velocities of the 68-pr. shot, naval, common, and Martin’s shells, fired with service charges. 




lbs. oz. 



lbs. oz. 

/ 

tt 

o 

o 

ft. 

ft. 

yds. 


r 1 


16 

0 


7 ’92 

66 4 

4 

2 

39*75 

88*25 

1668*4 



'' 

337*7 


2 





7*92 

66 3 

6 

7 

49*10 

99*25 

154-PO 




324*0 


8 


» 


.'4* ■ 

o 

7*91 

66 3 

5 lOi 

49*85 

99*10 

1648*9 




373*5 


: 4 

i 



A 

7*92- 

66 4 

5 101 

49*55 

99*90 

1523*3 




385*0 


6 


' >» 



7*91 

66 4 

6 

0 

47*75 

97*35 

1555*8 


1579*0 


382*6 

w,-< 

6 

00 

O 




7*91 

m 8 

6 

0 

47*80 

97*45 

1552*1 




434*0 

Ht 

7 


n 


S' 

7*92 

m 3 

4 


47*75 

97*55 

1548*8 


' Mean”^ 


358*7 


: 8 


« 

)» 

3U 

7*91 

66 8 

4 

47*85 

96*65 

1578*3 


1568*3 


360*0 


9 


1, 

M 

A 

7*92 

66 3 

4 

7 

47*90 

97*06 

1565*1 




882*0 


10 

id 

» 

n 


7*91 

66 4 

4 

9\ 

47*40 

96*95 

1555*1 




496*8 


XI 

3 

» 



7*91 

m 5 

5 

ol 

47*60 

97*00 

1563*6 




254*4 


Us 

w 

>» 



7*92 

66 4 

& 

r 

. 47*45 

97*20 

1547*1 

J 



264*0 


ris 





7*91 

51 8 

4 


47 *,50 

91*05 

1769*2 



'' 

383*0 


14 

& 




7*91 

51 8 

4 

4 

47*65 

90*30 

1800*3 




391*6 


.15 

os 


M 


7*92 

51 8 

3 ^0 

47*35 

90*50 

1791*9 




389*7 


1$ 



»# 

w 

7*91 

51 8 

4 

5 

47*55 

s|c 

. ■ 




335*0 


1% 

1 


*» '' 


7*91 

51 8 

S 

9 

47*20 

90*60 

1787*7 


. lono’O J 


356*9 


18 

o 

id 


»» 


7*91 

61 8 

$ i4 

47*85 

90*70 

1783*6 


^ LoU^ U< 


312*1 


19 




. d ■ 

7*91 

51 8 

S 40 

47*45 

98*85 

1679*7 


Mean 


323*8 


20 

€ 

*> 

>» 

*? 

7*92 

51 8 

4 

4 

47*30 

90*95 

1773*3 


1769*4 


568*3 


LSI 

% 


w 

CO 

7*92 

51 8 

5 

9 

■,,47*40 

* 

U — : 




358*0 


r22 

i 

»> 



7*91 

61 8 

5 

6 

[, — 

1 ,■ , * 





357*9 

i 

23 





7*87 

49 14 

5 

8 

f 

« 

' ' 



r 

323*1 

i 

24 


» 

»» 

a 

7*85 

49 14 

5 

6 

47*95 

93*10 

1707*8 




359*0 

j 

25 


>» 

i* 

2 

7*86 

49 14 

S 

S 

f 47*85 

91*30 

1779*4 




360*0 


26 

at 

>» 

,, 

to 

7*84 

49 14 

S 

P 

47*45 

',* ■ 

, , 




356*0 


27 




s 

7*84 

49 14 

4 

0 

47*75 

92*10 

1738*8 




883*3 


28 

d 



8 

7*85 

49 24 

3 

7 

47*85 

92*25 

1732*8 


rl/uU /•* 


286*0 


29 


M 

» 

J 

7*87 

' m- 14.: 

4 

0 

47*80 

91*75 

t768*4 


j 

1 

382*0 

i 

30 

: S 

n 


/ a 

7*85 

4914. 

4 

2 

t 48*15 

91*95 

1765*4 


Mean 

1 



31 

i 


M 


7*87 

4914 

4 

0 

i 48*15 

91*85 

1769*4 


1750*3 



1 

^32 


,, 

»*' 


7*87 

49 14, 

5 

4 

, 48^25 

92-20 

1755*2 



1 

385*8 

1 


i 

10 

0' ^ 

6 td 

7*86 

W 9 

8 

5 

48*20 

105*80 

1839*2 


r 

394*2 


34 


„ 

»> 


7*83. 

m t 

3-8 

39*45 

98*75 

1288*0 

1308*5 


310*9 


35 


,, 



7*87 

60 2 

! 

r 

39*60 

100*66 

1 1242*0 



•277*4 


36 


„ 

**■ 


7*84 

m f 


1 

39*46 

96*10 

: 1344*2 

Mem 


868*1 

1 

^37 

1 

» 

ir 

s ^ 

7*85 

m 6 

* 

-7 

, 89*65 1 

101*25 

1229*4 

J 1287*6 

V 

326*4 


Gun laid horizontal 
by spirit level 
every round. 
Height of axis of 
gun above plane, 
4 ft, S in. Car- 
riage rearchoch. 
Slope of platform, 

Eecoil printed in 
italics denotes 
that the break 
was employed. 
In other cases the 
break was not 
used. 

* Not observed. 


17 cwt. 12 IBs'. 
Powder, L. G., 
W. A., 26A1M. 
Lot 260 for 
68-pr., solid shot. 
L. G,, Hall and 
Sons 22/11/60. 
Lot 814 for rest 
of 68-pr. experi- 
ments. 
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Mareli 15, 1861. — Barometer (32®), 30*^5. Therm, (dry), 53"^ *3, Therm., wet, 48®* 1. Elastic force of 
vapour, • 268. Humidity, * 67. Weight of cubic foot of air, 535 * 2 grs. To ascertaiu the initial velocity 
of the 8~in. hollow shot, common shell, and naval shell fired with service charges. 


o 

p? 

o 

o 

Nature of Ord- 
nance. 

Charge. 

Projectile, 

Ee- 

coil. 

Reading of 
Needle. 

Velocity. 

Range. 

Remakxs. 

Nature. 

Dia- 

meter. 

Weight. 

Dis- 

junctor. 

Pro- 

jectile. 

At 

SO yds. 

Initial. 



lbs. oz. 

. ^ 


lbs, oz. 

/ tf 


o 

ft. 


ft... 

yds. 


r 1 


10 0 ^ S3 

7*88 

46 0 

9 0 

32*20 

82*76 

1*166*9 



r 

263*6 

Gun laid horizontal 

Hi 2 

•gvg 


^ 8.2 S 

7*83 

46 0 

8 4 

40*40 

92*60 

1463*9 




263*6 

by spirit level 

gJ 3 




7*84 

46 0 

8 4 

40*55 

92*65 

1462*5 


^14S7*9-i 


199*6 

every round. G un 

1 4 

^6 



7*85 

46 4 

8 9 

40*25 

93*35 

1443*0 


Mean 


, . — ■ 

mounted on a 

L 5 



J 0& 

7'8S 

46 

8 6 

40*6.5 

93*60 

1438*9 

J 

1455*0 


276*3 

rear chock car- 

f ^ 



Is*-. 

7*86 

49 14 

8 7 

40*70 

94*20 

1420*1 

1 


r 

333*6 

riage, Weight of 




8^® 

7*84 

49 14 

8 6 

41*05 

93*90 

1438*6 




253*0 

carriage 13 cwt. 

8 




7*84 

49 14 

1 8 9 

40*85 

94*00 

1435*9 


.1464*4'^ 


253*3 

Slope of platform. 

! 9 

ol2 


1 

7*87 , 

49 14 

9 1 

40*85 

93*70 

1444*0 


Mean 


251*3 

5*". Powder, Hall 

uo 



J p. 

7*87 : 

49 14 

9 0 

40*75 

94*05 

1434*5 

- 

1431*6 


248*0 

and Sons, 22/11 /60. 

rii 




7*91 

61 8 

1 9 10 

40*80 

91*70 

1500*9 

1 


r 

276*0 

Lot 814. 





7*93 , 

61 8 

9 11 

40*55 

92*85 , 

1462*8 




297*3 





f ’V 

7*92 i 

! 61 8 

! ♦ ■■ 

40*70 

92*80 

1462*4 


^1506*4' 


281*0 


14 

K5 


Cog'S 

7*92 I 

51 8 


40*76 

91*65 

1‘197*2 


Mean 


246*0 


U5 

<h 

n »» 

J 

I 

7*92 

61 8 


40 'SO 

^ 1 

93*10 

1455*8 

J 

> 1475*8. 

L 

244*6 

..... 


March 9, 1861. — Barometer (32®), 30®* 530. Therm, (dry), 50®* 3 j wet, 43° *8. Elasticity,*201, Humidity, 
•64. Weight of cubic foot of air, 554*5 grs. Experiments to ascertain the initial velocity of S2-pr. 
solid shot with 10, 8, and 6 lbs. charges, and of 24-pr. solid shot with 8 lbs. charges. 


)-4 

r 1 
2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

U2 

fis 

14 

15 

16 

17 

18 

19 

20 
21 
22 

L2S 

25 

26 
27 

^28 

.20 

30 

31 
■82 

38 

U 

^85 

$ 

to 

s 

is 

0 

1 

CO 

. . ^;3 

o 

00 

. , JO 

1 

s 

& 

1 

00 

JO 

1 

lbs. oz. 
10 0 

t9 J> 

» n 

n » 

9tf 

» 

« 99 

99 99 

39 99 

J9 99 

8 0 

« 73 

79 79 

97 39 

99 99 

99 99 

99 99 

97 99 

97 93 

99 99 

6 0 

99 79 

99 99 

99 99 

99 99 

97 99 

9J 99 

79 93 1 
99 93 ■ j 

1 

. o 

aa 

.*o ' 

00 

ft 

5SJ 

00 

6*17 

6*17 

6*18 

6*16 

6*16 

6*17 

6*17 

6*17 

6*18 

6*17 

6*18 

6*18 

6*18 

6*18 

6*18 

6-17 

6*18 

6*18 

6*17 

6*17 

6*18 

6*17 

6*18 

6*16 

6*19 

6*18 

6*17 

6*18 

6*17 

6*18 

6*18 

6*17 

6*18 

6*17 

6*16 

lbs. 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

SI 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

oz. 

C 

5 

5 

? 

6 
7 
7 
6 

§ 

? 

6 

7 

7 

6 

5 

6 
5J 
6 

5 
6i 

6 

7 

5 

6 
6^ 
6 

5 

5 

51 

51 

3 0 

4 3 
4 0 
4 3^ 
4 5 

4 6 

3 i 
3 4 
3 3 
3 3 
3 3 
3 9 
3 8 
3 9 
3 8 

5 7 
3 9 
B 7 
S 9 
3 4^ 
3 6 
3 10 
2 6 
2 6 

2 4 
2 6 
2 6 

2 4 
2 5 

2 6 

2 9 

2 6 

2 6 

2 5 

39 ’30 
48*55 
48*70 

48*30 
48*20 
48*35 
48*20 
48*40 
48*30 
48*60 
43*65 
41*20 
46*85 
46*95 
47*05 
47*20 
47*20 
46*90 
46*80 
46*85 
46*90 
46*95 
46*96 
46*95 
#‘86 1 
46*96 
#•90 
46*90 
48*96 
#*96 
46*80 
46*85 
#*85 
46*85 

o 

S5*05 

95*10 

95*60 

94*30 

96*00 

94*85 

95*05 

94*85 

94*25 

95-40 

88*70 

95- 80 

96- 00 
95*75 
95*30 
95*80 
96*15 
95*65 
95*55 
95*00 
95*60 

103*25 
100*50 
101*20 
100*75 
101*10 
100*70 ' 
100*45 
101*30 
101*20 
99*95 

i 101*40 

ft. 

1627*2 

1001*5 

16i3*4 

1678*3 

1617*2 

1658*1 

1650*9 

1658*1 

1693*1 

1650*5 

1006*8 

1575*2 

1568*4 

1685*5 

1600*7 

1583*8 

1563*1 

1582*8 

1582*8 

1601*8 

1581*1 

1384*0 

1432*0 

1412-7 

1425*1 

1415*5 

1426*5 

1433*4 

1410*0 

1412*7 

1447*6 

1407*3 

r 

ft. 

'1690*0' 

Mean 

1653*7 

TC1S*7- 

Mean 

1584*7 

^1447 *5- 

' Mean 
1418*8 

yds. 

310*0 

310*7 

327*0 

320*6 

292*0 

328*3 

325*0 

299*9 

318*3 

371*6 

330*6 

290*0 

325*3 

299*1 

310*8 

325*4 

380*0 

369*8 

326*7 

3t30*3 

329-0 
244*6 
257*6 
248*6 
822*8 
299*4 
301*3 
243*1 
291-5 
, 238*5 

9/3/61. Gun laid 
liorizontal by 

spirit level every 
round. Height 
of axis of gnu 
above plane'4' 3|'^ 
Gun moirnted on 
a rear chock car- 
riage. Slope of 
platfonn 5®. 

Weight of car- 
riage, 16cwt. 2qrs. 
Powder, L.G., 
W. A., 26/11/60. 
Lot 260. 

Recoil printed in 
italics denotes 
that the break 
was used. In 
other cases the 
break was not 
used. 

Not observed. 


r 1 


8 

0 


5*61 

23 

7 

4 11 

, 46*96 

94*45 

. 1628*0 

'J 

■■ r 

301*0 

Gun laidhorizontal. 


2 

■^is 

3i 



> 5*69 

23 

8 

5 0 

47*00 

93*40 

1663*4 



— 

Height of axis of 


3 




o 

5*60 

23 

8 

5 4 

47*00 

93*05 

1676*2 



253*0 

gun, 5 ft. Travel- 


4 

Hi 




5*60 

1 23 

8 

6 0 

47*05 

92*40 

1700*5 



302*0 

ling carriage. 


5 


99 

99 


5*59 

i 23 

7 

6 3 

47*00 

93*50 

1696*8 



324*0 

Slope of platform. 

b 

6 


u 



6*60 

' 23 

8 

6 0 

#*95 




ibl • 1^ - 

351*0 

8° Powder, L.G., 


7 

rii 

„ 

99 

g 

5*60 

28 

8 


#*00 

93*45 

1661*6 


0*^ 

266*0 

W. A., -26/11/60. 


8 


77 

97 


5*60 

23 

7 

— 

47*10 

93*00 

1078*1 



327*0 

Lot 260. 


9 





5*61 

j 23 

8 

5 0 

#"10 

93-75 

1687*4 



355*0 



10 


»» 

5> 


5*60 

: 23 

7 

5 0 

■#*15 

91*60 

1731*4 


Mean 

362 0 



11 


79 

91 


6*61 

1 23 

7 

5 3 

#*10 

93*45 

1661*6 


1679*5 

359*0 



JIB 1 


** 



6*61 

23 



: #*10 

93*63 

1691*1 

> 


379*0 

; - 
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MIHUTES 01 PROClEDINaS OF 


March 10, 1861, Barometer (32°), 30*450, Thermometer, dry, 48°*2. Thermometer, wet, 46°*0. 
Elastic force of Tapour, *210. Humidity, *52. Weight of cubic foot of air, 554*0 grs. To 
ascertain the initial velocity of the 18-pr, solid shot. 


Projectile. 


Eeadin.q of 
ISTeedle. 


Bis- Pro- 
junctor. jectilG. 


■Range. Bbmaekb. 


r 1 


ibs. 02 . 

6 0 


5*10 

lbs. oz, 
17 11 

3 

7 

o 

46*95 

93*85 

ft. 

1646*0 "1 

ft. 

yds. 

Gunlaidhorizontal 

2 

' GO 5ias 

■■■■<», cr*i?- 



5*10 

17 10 

4 

1 

47*05 

92*30 

1703*9 


— 

every round, 

3 


j> r> 

4* 

5*08 

17 11 

4 

3 

46*95 

9t*20 

1634*4 



mounted on a 

4 


« ” 

M 

6*09 

17 10 

4 

0 

47*10 

94*05 

1639*7 


. — 

travelling car- 

5 

■if g 


■ 

5*09 

17 10 

3 10 

47*10 

96*35 

1561*6 

1690*6 

•Mean 

1046*8 

521*8 

riage. Slope of 

6 


»> » 


6*09 

17 10 

4 

4if 

47*05 

93*05 

1675*8 

376*5 

platform, 3°, 

7 


« „ 

o 

cn 

5*09 

1710 

3 

9 

47*30 

06*00 

1586*8 

371*3 

Height of axis 

8 


"» >> 

' ' 

5*09 

17 10 

4 

2 

47*40 

96*30 

1576*8 

370*0 

above plane, 4' 9". 

9 

oCr^ "• 
6CSS 

« >» 

"■ ^ 

5*10 

17 11 

4 

0 

47*40 

91*00 

1771*8 


350*0 

Powder, L. G., 
W. A., 26/11/60. 

10 

fH 

»> M 

00 

5*10 

17 11 

- 

47*^16 

94*15 

1651*0 


450*0 

11 

112 



5*09 

5*09 

17 11 
17 11 

4 

8 

2 

9 

47*50 

47*55 

95*10 , 
92*95 ; 

1617*5 
1695*2 J 


382*1 

352*1 

Lot 260. 


October 18, 1860. Barometer (32'"), 30*050. Thermometer, dry, 5 6°* 2 ; wet, 52° *0. Wind, calm. 
Elastic force of vapoitr, -338. Humidity, *75. Weight of cubic foot of air, 537 grs. To ascertain 
the initial velocity of 12-pr. solid shot. 


2 s» » o* »» » « ^ ‘^6 95*30 1724*8 366 bottoms. Gixnlaid 

3 '3'’ „ » ^ „ « 50*25 95*25 1726*8 822 horizontal every 

4 » » » t 50*45 95*20 1728*8 394 round. Height of 

5 P ^ S ^ 50*10 95*76 1707*3 280 axis of gun 

R1 6 .3ci®gr „ „ g « „ „ '2 00*50 05*30 1724*8 320 Gun was mounted 

7 „ „ p: „ „ » 4 a 50*00 96*35 1684*5 ® 896 on a travelling car- 

8 .> « ^ » » n S 60*20 96*20 1690*2 845 riage. 

9 !=Hz;®5o „ » ^ 60*05 94*15 1771*1 828 Powder, service, all 

UO „ „ „ „ „ 50*20 95*70 1709*3 J L 870 out of same barrel. 

September 17, 1860. Barometer (32°), 29*795. Thermometer, dry, 59°*1; wet, 58° *6. Wind, 
Ho. 2. Elastic force of vapour, *486. Huinidity, 1*000. Weight of dubic foot of air, 530*1 grs. 
To ascertain the initial velocity of 9-pr. shot fired jiom 9-pr. field gun. 


7 3|p ;; ;; 

9 fejISl I I 
.10 


Same date and circumstances as 


0 

Q ■ 1 

ft. 

ft. 

yds. 



48*75 

97*80 : 

1575*7 I 


354*0 

Gun laldhorizontal 

48*70 

98*45 1 

1554*5 


287 

every 

round. 

48*70 

98*45 ! 

1554*5 


356 

Height 

of axis. 

48*70 

99*50 I 

1521*2 

1613*7 
• Mean-' 
1563*9 

259 

3' 1P'*6. 


48*60 

98*25 

1560*9 

290 



48*45 

98*05 i 

1667*5 

803 



48*60 

98*25 

1660*9 

265 



48*75 

98*15 

1564*2 


357 



48*70 

98*50 

1552*8 


277 



48*45 

96*80 

1626*9 J 


. 250 




9-pr* To ascertain the initial velocity of 6-pr. solid shot fired from 
6-pr. field gun. 


8 .111 

9 


48*40 101*66 1457*8^ 

48*30 102*20 1439*1 

48*66 101*65 1457*8 

48*60 101*90 1447*7 n.o.., 

48*70 10S*56 1401*7 - 


48*75 101*45 1460*7 
48*60 103*70 1397*7 ° 


48*60 102*35 1434*8; 
43*60 102*65 1429*2: 
48*70 102*65 1426*4 


ft, ft. yds. 
,457*8^ r 830 

.439*1 267 

.457*8 278 

401*7 \ 297 

.460*7 SSV 293 
.397*7 ^ 286 

.434*8 290 

.429*2 325 

.426*4 j L 329 


Laid accurately by 

a irit lov(3l. 

eight of axis, 


To ascertain the initial velocity of shell fired from 12-pr. brass howitzer. 


48*45 116*55 1125*4h 
48*60 ~ — 

43*45 116*10 1114*8 
48*70 112*70 1182*7 
48*60 114*80 114;0*1 
48*40 115*75 1121*5 
48*85 115*20 1132*2 
48*35 116*70 1103*3 
48*40 114*60 1146*1 
48*50 119*50 1051*8 J 


1163*4 

.Sfs « 


Gunlaid horizontal 
every round, 
Heijpht of axis. 
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September 17, 18 60,*---Barometer - (32°), 'ST* 795. Tbemometeiy.ds’j# ,59^* 11. Tliermoiiieter, wet, 5S'"^'6. 
Wind,. No. 2,. , Elastic force of vapour, *486. ■ . Humidity, 1*00. '- Weiglit of cubic foot of air, 

530*1. To ascertain tbe initial velocity of 24-pr. sbeil' fired from. 24-pr. how-itzer service cbarges. 






110 


£D.o 

£ S 


©lO' ■■ 

is=^is * 

0.0 
ffl+a hi 

.**! Sr.'S 



P 

rojeoiiie. 


Readin.g qS 
' Needb.' 

Telocity, 





Re- 






i) 

§ 

5 

Nature. 

Dia- 

meter. 


coil. 

Dis- 

junctor. 

Pro- 

jectile. 

At 

30 yds. 

Initial. 

ibs. 02. 



lbs. oz. 


o 

■ o 

ft. 


ft. 

2 8 

j::3 

...... . 

16 111 


48*65 : 

110*55 

1231*8 

1 

is « 

' S 

— 


48*65 

110*55 

1231*8 



SJ It 

“w 


« >. 


^'40 

110*45 

1234*0 



:: :: 

:■ a 

i 

■ o 

O 

z 

1 ■ n ! 

s? n ' \ 

; !:■ 

. ■ 

'■'1 

: 48*55 
48*70 
48*65 

i 111*00 

112*25 

110*40 

12*21*9 

1219*7 

1195*0 


1252 ‘7 
- aiean- 
1218*0 


— ■ j 

'' 99 1^9 \ 

■ >§ 

48*05 

113*20 

123.5*1 



9$ 

X 

— 1 

n 93 ■ 



—— 

'■ 




Ci 

1 *“ 1 

; " ” i 


48*70 

111*10 

1175*1 

j 




i Range, i 


REaUEKS. 



Gun laid liorizontal 
with spirit level 
fveiy round, 
Hoigrlit of axis 
4/ 0'’'. Powder 
L.G. AM the 
cartridges out of 
the sauie barrel. 


March 17, 1861. — Barometer (32°), 29*705. Thermometer, dry, 41°*0 ; wet 40°*8. Wind calm. 
Elastic force of vapour, *259. Humidity, 1*00. Weight of cubic foot of air, 538*4 grs. To 
ascertain the initial velocities of the wall piece and of the Enfield rifie. 





grs. 



ibs. oz. 


■ O' 


ft. 1 

ft. 




r 1 

6 * * 

8 0 

, , 

0*935 

0 5*25 

■ — 

11.0. 

— 

— "I 

r 




2 

.1 

.. .. 





30*85 

97*10 

3123*3! 

, 


i 

3 

4 

6 

f 

■■ 'ft 

1^3 i 

n 33 

#9 59 

■ S9 .. 99 

o . 

-'S'S 

Sf w, eS 

.39 

, J3 93 

99 39 

z 

30*75 

30*80 
30*70 
! 80*90 

95*80 

97*35 
95*05 
96*50 I 

ll-15*6j 

1119*1’ 

1148*2! 

1133*5! 

1167*6 ! 
1134*8 j 

! i ^ 

1 



L 8 

1 


j . 

' 19 

! 


1 30*85 

96*35 

1139 -Ip 


-p i ■ 1 

p4 ' 

" 9 

Enfield 

rifle 

■ .2*5 

i Ser- 

*55 

j530 grs 

! 

i 30*85 

1 94*45 ! 

1169*611 

1 1272 -sl * 

1 : ! 

B** 

10 

weight 
81l>. 8oz, 
cai. *577. 


i vice 

! 99 

99 

— 

1 30*95 

92*15 

1212*4! 1 

31ean V 

; 

H 

11 


' ball. 

i 

i 

,99 . 

1 __ 
i 

1 30*95 

1 

‘ 93*65 1 

1184* 2i j 

■ r 

' 1188*7 J 

I ! 


March 11, 1862. — ^Barometer (32°), 30-4] 5. Themiometer, dry, 4G°*3; wet, 43°* 0. Elastic force 
of vapour, *242. Humidity, *79. Weight of cubic foot of air, 556*5. To ascertain the initial 
velocity of the Armstrong 6-pr. 




ibs 

OZ. 


■ 

il)s. oz. 


D 

o 

ft. 

ft. 

>'ds. 


" 1 


0 

12 


2*585 

0 

0 

3' 8'^ 

■ 43*55 

122*95 

960*6 

1 



320*0 


2 






11 

11 

n.o. 

45*75 

— 





271*5 


3 

■■ ■ , ■ 

11 




■ 11 

11 

3 10 

35*25 

■■ ■ — 

. — 




25‘li*8 


4 

!§o 


19 


■ „ . 

n 

11 

3 8 

35*45 

115*65 

925*4 




202*3 


5 

JIO 


IS 


„ 

"*i 


3 3 

35*45 

114*00 

, 9.16'1 




204*0 


0 

■■ 

11 

.. 


■ f* 

11 


3 8 

35*55 

115*75 

922*7 




203*3 

a 

7 


' 11 

■'19^ 


.. 

11 

;; 

4 0 

35*60 

116*20 

916*8 


940'4 


342*6 

H 

8 



99 

1 


w 


11.0, 

35*55 

132*70* 



Moan-! 


270*5 

M 

9 

,',^^*3 ' i 

. 9* 

»S 


■» ■■ 



8 11 

35*46 

115*90 

920*8 


937*5 


251*9 


10 

gO j 

ft 

99 

1 ■■ S ■■■ 1 



St 

3 9 

85*00 

113*70 

944*1 




, ■ j 


11 

§ , 1 

ts 

if 

rjQ 


w 


3 0 

36*45 

113*95 

946*8 



1 

t 246*8 


12 


» 

91 




n 

3 6 

37*50 

116*30 

943*0 




204*8 

1 

13 

Q 

vt 




1 

n 

3 6 , 

87*45 

115*90 

948*6 



I 

248*3 

t ■ ' 

14 


it 

' 91 



1 S3 

St 

4 0 

37*75 

116*40 

, 941*6 




230*0 


115 


1 19 

19 


99 

St 


4 0 

37*65 

116*25 

913*7 




231*6 


^ Vent piece blew 
out. 

Ranges very care- 
lessly taken, en- 
titled to no con- 
fidence. Slope 
of platform 2® 40'. 
Height of axis 
4 ft. 2 ins. Tra- 
velling carriage. 
Powder A 4,W.A,, 
5/9/60. Lot 238. 


September 11, I860.— Barometer (32"), 30 • 370. Thermometer (dry), | 

force of vapour, ’239. Humidity, '48. Weightof cubic foot of air, 541-6. 

velocity of the Armstrong 12-pr, segment shell* 


j;::;:} bm. 

To ascertain die Initial 


.10 


jibs. 02 
1 8 


085 

085 

084 

083 
063 
0B4 

m 

035 

0S4 

084 


lbs. 

11 


0 

o 

ft. 


ft. 

42*80 

107*25 

1184*2 



42*9# ‘ 

107*40 

1181*2 



42*80] 

107*75 

1174*3 



mm 

X07-65 

1182*1 


1190*2 
fi Mean- 
1180’9 

mm 

106*80 

1193*2: 


mm 

106*85 

1102*2 


42*90 

4^*75 

107*50 

. 1179*2 



mm 

107*95 

1170*4 

L 


mm 

107*90 

1171*4 


L 


I Gun No. 224. lAid 
point blank. 
Powder A 4. 




MINUTES OF PEOCEEDINGS OF 


Velocity 


Eaiigc. Eemaeks. 


^ Vofni’p 

^ meter. 


Initial, 


42-90 — — 

42*90 107*75 1179*2 
42*90 107*20 1186*12 
42*95 106*60 1198*2 
42*95 107*65 1177*2 1190*6 

42*90 107*15 1187*1 ^Mean • 
42*95 108*25 1165*5 1181 5 

42*90 107*40 1182*2 
42*90 106' 95 1191*2 
42*85 107*70 1176*2 
42*85 107*90 1172*8 J 
42*86 106*95 1189*6 S 
42*86 106*60 1195*4 1204*8 

42*80 106*10 1206*8 ^Mean- 
42*86 106*75 1193*6 1195*4 

42*76 106*85 1191*6 J 
42*86 106*40 1200*6 1 
42*85 *119*70 1180*6 ^oAA.. 
42*76 107*40 1181*6 
42*86 107*85 1207*8 (iiSX' 
42*80 106*05 1183*6 ® 

42*95 107*25 — J 


Gun laid perft?ctly 
horizontal every 
round. 

* Shell stripped. 

t Doubtful. 

After this experi- 
ment was com- 
pleted, it was 
found that two 
kinds of powder 
had been sup- 
plied; and this 
fact accounts for 
the discrepancies 
which may be 
observed in this 
series. 

t Fired too soon. 

§ Signal mistaken. 


104*90 1280*5 
106*60 1196*6 1216*6 

106*40 1200*6 ^Mean- 
§ — ~ 1205*6 

106*20 1204*7 
106*66 1195*4 J 


Aug. 28, 1860. — ^Preliminary Experiments to ascertain the Working of the Instrument. 


September 1, 1860. — Barometer (82°), 30*060. Thermometer, dry, 64° *.5 j wet, 59° *0. Wind 
light. Elastic force of vapour, *427. Humidity, *70. Weight of cubic foot of air, 529*6 grs. 
To ascertain the initial velocity in function of the weight of the shot 


Projectile. 


Beading of 
Needle. 


Dis- Pro- 
junctor. jectile. 


I lbs. oz. 

1 3*084 10 14i 


— >-iVican 
1178*8 1187*5 ) 

1192*0 j 


Gun had during 
the first 7 rounds 
a slight depres- 
sion, laid by 
j spirit level the 
rest of the day. 

■ Chamber washed 
out after every 
round. 
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THE BOYAL AETIELEEY INSTlTHTIDISr. 


September 3, 1860. — ^Barometer (32*^), 30*210, Thermometer (dry), 62°*4; (wet) 54°*8. Wind 
light Elastic force of vapour, *331. Humidity, *59. Weight of cubic foot of air, 558-1 grs. 
To ascertain the initial velocity as a function of the weight of the shot 


ao' 

g 

(i 

“o 

' d . 

JNTaturo of Ord- 
nance, 

Charge. 

’Projectile. 

Be- 

coil. 

Beading of 
Needle. 

\’‘elocity. 


Behaeks. 

Nature. 

Dia- 

meter. 

*o 

Dis- 

junctor. 

r 

Pro- 

jector. 

At , 
30 yds. 

Initial. 

- Bange. 




ibs.oz. 



lbs, oz. 


0 

o 

ft. 

ft. 

' ■ yds. 



r 1 


1 


3-085 

11 13 


42*80 

107*30 

1182*9 


-• — 

Gun laid P.B. by 


2 


*> »» 


3*085 



42*80 

108*20 

1169*3 


— , 

spirit level every 


3 




8-083 

.. « 


42*75 

108*15 

1166*3 


SIO 

round. Cliamber 


4 




3*085 



42*80 

108*25 

1164*3 


824 

washed out after 


6 




3*083 



42*90 

108*45 

1160*4 

1173*4 

313 

every round. 

W 

6 




3*084 



42-90 

108*05 

1168*2 

VMean -{ 

323 

Shell stripped. 


7 




3*085 

j) » 


42*75. 

108*75 

1154-7 

1164*5 

323 



8 




3*088 



42*85 

108*25 

1164-3 


316 



9 


' 


3*083 

' 


42*95 

108*10 

1167-2 


324 



10 


„ 

'B 

3*084 



42*90 

108*35 

1162*3 


814 



1,11 

I ^ 



3*085 

» 33 


. — 

107*86 

1172*1 


324 



fl2 

o 



3*084 

11 5 


43*06 

107*10 

1189*6 

f 

324 



13 

^ p 



3*085 



4?j*00 

107*55 

1180*6 


310 



U' 




3*085 



42*90 

106*05 

1198*6 


815 



15 

& S 

M ft 

d'cie 

3*083 

)3 33 


43*00 

106*40 

1202-5 


800 



16 

<3. , 



3*084 



42*95 

106*05 

1210*8 

1202*5 

320 


Hi 

17 

tjs 


4a ^ 

3 *083 



42*95 

106*70 

1197-6 

-Mean - 

336 


H 

18 



O'® 

3*083 



42*95 

n07*55 

1180*6 

1192*9 

301 



19 




3*084 



43*00 

106*05 

1210*8 


370 



,20, 

s-i is 
•tS 

tt f‘ 

g-'-g 

3*084 



— 

107*20 

1187*5 


314 



21 


it » 


3*085 

S3 


— 

107*60 

1179*6 


300 


! 

L22 

If 

3t S3 

ft 

3*085 



1 , — - 

107*40 

11S3-5L 


. 800 



''23 

< 1> 

33 33 


3*085 

10 13 


42*90 

105*90 

1212*8’' 


■ 292 



24 


33 33 

r-l 

8*083 

33 


43*00 

105*80 

1214*8 





23 


33 33 


8*083 



42*95 

106*40 

1202*5 


288 


w 

2G 




3*084 

33 


42*95 

106*75 

1195*4 


293 


B-i 

27 




3*083 

33 33 


42*90 

106*50 

1200*4 

1 

319 



28 




3*084 

33 


42*85 

105*85 

1213*8 

rlrliiciJl 

T 0 AO • Q 

320 


N 

29 


»> ” 


3*083 



42*85 

106*00 

1210*7 

JL^UU 0 

319 



80 




3*083 



42*80 

105*85 

1213*8 





31 




3*083 



43*00 

105*40 

1223*2 


314 



.32 




3*084 

33 


42*95 

106*00 

1210*7 . 

1 

292 



September 5, 1860. — ^Barometer (32^) 30*335. Thermometer (dry) 6P*5; wet, 57®* 4, Elastic 
force of vapour, *420. Humidity, *77. Weight of cubic foot of air, 537*6 grs. To ascertain 
the initial velocity of an Armstrong shell in function of the weight of the charge. 


i 


Ibs.oz. 



lbs. oz. 


0 

O' ■ ■ 

ft. 


ft. 

yds. 



f 1 


1 

4 

. 

8*084 

11 9 


42*60 

112*70 

1080*2 

- 


jf 

276*0 

Gun laid P.B. every 


2 





3*085 

33 33 


42*56 

113*40 

1068*1 




277*0 

round. Oiiaixiber 


3 



Ml 


3*086 


42*60 

112*90 

1076*7 




277*0 

washed out after 

M 

4 

JS . 

JS 

»» 

1 

3*085 



42*75 

113*70 

1063*0 


1063*1 

-M<^n 

1055*3 


276*0 

every round. 

spi 

5 

a ^ 

1* 

Kir 


3*084 



42*75 

114-55 

1048*6 



264*0 

jj 

6 

A » 



^{IG , 

3*083 



42-75 

114*00 

1058*0 



265*0 


H 

7 





8*083 



42-76 

115*50 

1033*0 



256*0 



8 

<* E 




3*085 



42*75 

114*35 

1052*0 




264*0 



9 

a of 




3*083 

n ** 


42*65 

114*20 

105-.(i*6 




201*0 



Lio 




■Si 

3-085 

«» 3i ■ 


42*85 

116*35 

1019*0 

J 


256-0 



fii 

t 

1 

6 


3*086 

'jj j,,.. 


42*76 

110*66 

1118*4 



r 

296*0 



12 

S £ 


33 

IS 

3*085 

„ ' 


42*85 , 

112*50 ; 

1085*4 




266*0 



13 

O 

i ^3, 

ft 

; p 

3*086 



42-80 

113*40 

1069*9 




265*0 


t-H 

14 



33 

3*084 



42*80 

111*25 

1107*6 


1100*7 

1092*4 


305*0 


W 

15 

16 

p 'a 

1 1 

n 

» 


3*085 

3*085 

33 


42*76 

42*86 

112*85 

113*40 

1 1079*2 
10f©*9 


[ 

279*0 

270*0 


M 

17 





3*084 

33 33 


42*80 

: 110*65 

1118*4 



296*0 



18 



s> 

3*085 


^*85 

110*50 

1121*2 




280*0 



19 


„ 

s? 


3*085 



I 

113*40 

A077*2 

J 



249*0 



.20 



J? 


3*084 

)3 33 


43*20 

m*40 

107T*2 



298*0 
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MINOTES OF FEOCEEDINGS OF 


September 11, 1800.— Barometer (32°), 30-370. Thermometer, flryj j- 

ElasHc force of vapour, *239. Humidity, *48. Weight of cubic foot of air, 541 '56 grains. To 
ascertain the initial velocity of the Armstrong 12-px% shell in fimctioR of the weight of the charge.'— 
continued. 



i 

2 


Projcetiio. 

Ee- 

Beading of 
Needle. 

Velocity. 




2 

0 










llE:5iArji:s. 

WSi . 












6 

-2; 

'§ § 

i3 

Q 

Xaturo 

Dia- 

moter. 

IB' 

‘S 

coil. 

Dis- 

junctor 

Pro- 

jectile. 

At 

30 yds. 

Initial. 




f , . 

lbs. 055 


3*085 

lbs. 02, 


0 

0 

ft. 1 

ft. 

yds. 



m ' 

1 8 


11 9 


42*80 

107‘25 

'llS4*2r 


324 

Gun laid hoinzon- 


22 

in 



3 O80 


. — .■ 

42*95 

107*40 

1181*2! 


312 

tal by spirit level 


23 


.. 


3 08-ii 

■ , ■■ 

■ — 

42*90 

107*75 

1174*3' 


320 

and chamber 


24 




3 OSfi 

.. 

— 

42*75 

107*35 

1182*11 

1190*2 

310 

sponged out with 

3 

25 



1 S 

3*083 



42*70 

100*80 

1193*2: 

332 

a wet sponge 

26 

1 



3*084 

.. .. 

— 

42*80 

106*85 

1192*21 

834 

after ever,\Tound. 

R 

27 



rW 

3 OSb 

•T 

■ 

42*90 

107*50 

1179*2 

J-Avjy y 

310 

Gun mounted on 

2S 




3*085 

.. 

■ — ■ 

42*75 

»» 

— j 


359 

travelling car- 


21) 

■g 



8*084 

19 93 


42*90 

107*95 

1170*4! 


303 

riau-o. Ileight of 


lao 

O' 



3*084 

IJ - 3 


42*90 

107*90 

1171*4, 


304 

axis. 


nn 


1 10 

' t 

3‘0S4 


— 

42*85 

103*05 

1216*6' 

r 

348 



82 

^ ,.£3 


'3*0$5 

99 >9 

— ■ , 

•42*75 

303*75 

1214*6; 


332 



88 




S*0S5 


— 1 

42*95 

105*00 

1230*3 


310 


R. 

Si! 

35 

36 




3*083 
3*084 
^ 3*083 

” 'J 

' 99 » i 


42*00 

42*95 

42*85 

105*85 

105*45 

106*05 

1223*0 

1220*8:' 

1208*4 

123X*G 
-Mean •< 
1224*8 

359 

310 

348 


37 


' 1J •» 1 

"o 

3‘OSJ. 

r ” 1 

— 

42*80 

105*03 

1229*2: 

352 



38 



CO 

3*0SG 

. 

— , 

43*05 

105*00 

1236 *7| 


355 



39 


»> » 

■s 

3*085 

99 

— 

43*05 

105*15 

1233*5i 


332 



.40 

It 

. ,, 

p' 

0 

3*084 

99 

— 

43*15 

105*10 

1234*5j 

L 

335 



'41 


1 12 

g 

3*084 

99 >9 


43*25 

104*40 

1249 -Oh 

r 

355 



42 

r-! 

n 


3*084 

99 99 

...» 

43*25 

104*65 

1246*7 


360 



43 

fcC 

sa 


03 

3*085 

99 

. ■ 

— • 

104*40 

1249*9 


336 


v-4 

him 

41) 

I 

»» j) 

a 

3*083 

9> it 


43*10 

104*16 

1265*5 

1272*2 
>• Mean - 
1262*0 

S3G 



45 


« jj 


3*083 

99 >9 

■ — . . 

43*25 

103*85 

1273-Oi 

339 


HI 

46 


» » 

3*085 

99 99 

. 

43*25 

102*95 

1282*0 

3SS 


R 

47 


» » 


8*085 

;; ;; 

■ 

43*30 

102*95 

12S2*0' 

34i! 



48 


■ it' tt 


3*085 


43*35 

104*15 

1255*5: 


845 



49 


is »i 


3*085 



43*40 

104*20 

1254* l! 


354 


1 

V.50 


>9 S9 


3*085 

19 99 1 


43*80 

103*40 

1271*9 J 

1 


325 



Mai'ch 12, 1861. — Barometer (32^), 29*520, Themonieter, dry, 45®* 0 ; wet, 43'^*!. Elastic force 
of vapoui', ‘251. Humidity, *84. Weight of cubic foot of air, 541*4 grains. To ascertain the, 
velocity of the Aiixistroiig 12-pr. shell, in function of the weight of the charge. — 2n<i series. 




1 

lbs. oz 



lbs. oz 

1 

0 

■' 0 

ft. 

ft. 

yds. 



r 1 


0 14 


3*084 

11 9 

5 10 

33*46 

' - — 

— 


" 203*9 

Lubricating wads 


2 


.. .. 


'' 33 


6 0 

33*45 

123*45 

806*1 

231*1 

made up in the 


3 

M 

9 . .. 


„ 


6 0 

33*40 

123*15 

809*4 


, 204*5 

cartridge were 

i' 

4 

5 

6 

7 

8 

91 

& 

ei 

93 

>3 39 

33 >? 

3> 99 

93 3J 

V 

& 

© 

99 

W ■ 

■■ n.' 

' 99 

99 

’ .'II 93 

31 9> 

6 6 
6 6 
Q 6 
7 2 
6 6 

33*40 

33-45 

33*35 

83*50 

33*36 

123*45 

123*80 

123*85 

124*05 

806*1 

807*7 

801*6 

799*4 

809*2 
)-Mean - 
803*8 

205*0 

20.4*4 

203*1 

183*0 

used throughout 
this experiment. 
It was found, 
however, that 
with, the low 


9 


39 SS 


■ 99. ■ 

' ■ ' « 

7 1 

83*30 

124*30 

796*6 


200*8 

charges the -wad 


1,10 

0 

1» 33 

s 

' 99 . ■ .. 

51 99 

7 0 

83*05 

— 

— ' 


248*7 

did hot break ux>, 


"11 

GO 

1 0 


39 

99 ■ 51 

8 0 

, — 

— 


J 

232*5 

and it was neees- 


12 

"2 

99 99 

*s 


11 99 

8 1 

32*90 

120*25* 

835*8 

*1 

188*3 

sary to sponge 

w 

13 


» » 

.1^ ^ y 

99 

H 99 

8 7 

32*80 

118*45 

856*6 


163*0 

the gun. This 

M 

14 

1 

» 33 


»r , 


9 1 

32*70 

118*30 

858*4 


163*0 

})ractice was con- 


15 

33 33 



99 II 

9 3 

32*75 

118*30 

858*4 

870*0 

163*3 

tinned through- 
out the expori- 


16 

0 

33 33 

^*0 

33 

** .. .. 

9 4 

32 *,76 

120*35* 

835* 

J-Mean 

166*5 


17 

0 

33 33 


99 ■ ■ 

' » .33 

10 6 

82*80 

117*10 

872*6 

863*9 

170*3 

ment. Gun 

FH 1 

18 

d 

33 33 


■99- 

S3 it 

10 6 

32*75 

117*05 

873*2 


171* 

mounted on tm- 


1 19 


33 ^3 

1 1 


it it 

11 8 

82*70 

117*40 

869*0 


171*1 

veiling carriage, 


L'EO i 


: 33 33 

'i 

j 

33: , ■ 33 

11 0 

82*75 

118*25 

859*0 . 

i 

. 100*3 

height of axis 


rsi 

. ^ 

VI 

' 1 2 i 

12 

1 99 

33 33 

11 0 

88*25 

117*25 

940*2' 

\ . Y 

' 203*3 

4 feet 3 inches. 


' 22 

33 »3 

1 

99 

33 » 

13 8 

38*40 

119*00 

916*2 


181*3 

' slope of plat- 

, 

23 

1 rH 

33 33 

s 



12 6 

38*40 

123*16* 

861*9 


247*0 

form 1®. The 

d 

24 

6fJ 

C 

33 33 

W 


1 W 33 

11 9 

38*35 

110*75 

906*1 

931*1 
’■Mean ■< 
924*6 

181*5 

platform was wet 

Hi 

25 

S 

m 

>3 35 

m 


. 33 33 

11 6 

40*00 

120*85* 

909*6 

203*3 

and sii}>pery, and 

PI 

28 


33 33 

i 


33 33 

U 9 

39*80 

■ ■' ' 


202*3 

there wore occa- 

H 

27 

P 

S3 33 

m 

99 

33 '33 

11 0 

89*75 

119*05 

934*6 

237*3s 

sional heavy 


28 

•< 

33 33 

w 

9^ 

3# 33 

0 0 

39*75 

118175 

9S.S-8 


201*0 

showers of rain 


2^) 


33 33 


39 

m ■ 3» ' i 

9 0 

89-90 

120*90 

909*0 


197*5 

throughout the 



33 33 


99 

■ *|. « 

9 6 

40*60 

119*55 

927*0. 

L 

199*1 

day. Po-wder, 














A 4. W. A. 5/0/60. 
Lot 288. 











1 



* Shell stripped. 


THE EOYAE ABTIELEEY IKSTITUTION. 


Marcli 12, 1861. — Barometer (32°), 29* 520.’ . ■ Thermometer, dry, ’^ret, 43'^* 1. Elastic force 

of vapour, *251. Tltimidity, *84. Weight of cubic' foot of air, 541*4 grains. To ascertam tiie 
velocity of the Armstrong !2-pi% shell in toction of the weight of the charge,— -ccitihwMff/. 


Projectile, 


Beading of 
Needle, 


Dis- pro- At 
junctor, jector. 30 yds. 


. 05 !. 

9 ilO 3 
„ 111'- 6 
« [13 Q 
« 11.2 ■ 9 
» 'il3 3 
„ |lS 6 
„ jia 4 
» |l3 3 
„ il2 9 
» [13 0 
„ ;14 0 
„ 13 9 
14 9 
„ 15 3 
„ 14 9 
„ 14 8 
„ 15 8 
j, 14 9 
„ 15 3 
„ 45 C 
« ;i« 0 
» 110 9 
« 16 0 
„ jlG 0- 



{ 1605*1 i 
1 997*8 1 


ft.. ,1 
990 *7n 

986*ll 
997*5! 
1005*01 
990*51 
983*1! [ 
1011 * 0 ; 
997*31 
997 -aj 
1007-2U 


m3*2i 

lOOl'li 

loislfii ^''58-0 

I019-t! ““2 
1049* 7j 
1057 -ol 
1030*5 J 

1081 '4h f 

1087*71 

1117*8: 

iiii-s 
limps' ^Yoaii ' 

Sio'l; 4 i06-4 

nil* si 

1105 *7j 
1113-5U 

1172*3h f 

1188*0 
1191*4 

1187*3 


yds. 

204*0 
206*8 
211*1 
210*0 
200*7 
210*5 
210*3 
204*9 
203*7 
2X1*1 
235*6 
236*0 
235*3 
240*9 
241*3 
246*5 
2*i5*6 
245*3 
3^15 -if 
2-40*6 
252*0 

267 ;o 

251*0 Oliaugedconjiinc- 

tor, it being out 
2.53*0 of order. 

250*6 
252*6 
246*6 
246*0 
31-4 *0 
298*4 
277*0 
287*1 
321*6 i 

387*6t} t Doubtful. 

Z !l 

_ Y 13fch March 1861. 


September 14, 1860. — Barometer (32°), 29*750. 


Theimometer dryi wet5r*6l Wind, Ho. 3, 

xnennomaei, my „ so^^.sl Up Eauge. 


Elastic force of vapour, *270. Humidity, ‘52. Weight of cubic foot of air, 529*6 grains. To 
asceiiain the difference between die initial velocity of high and low gauge i2-pr. shot. 





ft. 

ft. 

yds. 

119tS*2 

f 

311 

1191*3 1 

1193*4 

320 

1180*1 } 

-Mean •< 

331 

1175*2 1 
1181*1 J 

118-4*1 

336 

L 

3-10 

*“ 1 

r 

313 

1165*4 i 
1178*3 1 
1377*2 
1176*2 

1186*5 
-Mean < 
1377*2 

320 

292 

315 

313 


iiS*9 

loftft.-i f Mean 


[ Low grange ; bore 
I washed. 


( Liibrica linffwa ds; 
! i(»V;' (rauce. 
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MIKUTES OF FBOCEEDINGB OF 


September 14. 1860. — ^Barometer (32°), 29 • 750- Thermometer, dry, 58° *7 j* { 50° *5 j" 

Wind, Ko. 3. Elastic force of vapour, 270. Humidity, r52. Weight of cubic foot of air,^ 529* G 
grains. To ascertain the difference between the initial velocity of high and low gauge 12-pr. projectiles, 
and also the effect of lubricating wads — continued. 


o 

t 

o 

•■ ■■' tM' 

® d 

P o 

li 

Charge. 

Projectile. 

Re- 

coil. 

Reading of 
Needle. 

Velocity. 

Range. 

, REMAKKS. : ; 

Nature. 

Dia- 

meter. 


Dis- 

jimctor. 

Pro- 

jector. 

At 

30 yds. 

Initial. 




lbs. oz. 



lbs. oz. 




ft. 


ft. 


yds. 



rai 


1 8 


3*085 

11 9 


43*15 

107*40 

1185*8 




837 

High gauge, lubri- 


22 




3*088 

.. 

o 

43*10 

106*45 

1205*0 




351 

, eating wads. ' , 

a 

28 

'■S' .O' 


SiQ 

3*084 

„ 

t . 

43*15 

107*10 

1191*8 




334'"' 



24 

: M ^^■■ 


43 

3*085 

n a 

g 

43*05 

107*75 

117S*8 




330 



25 



S3 

3*086 

„ „ 

•o 

43*20 

107*60 

1181*8 




329 



28 

1 ^ 



3*084 

>» „ 


43*00 

108*60 

1162*2 




323 



27 




3*035 

9» „ 

1 

43*20 

106*40 

1206*0 




821 



Us 

r. ■■■ 


m 

3*086 

»» ,9 

(25 


107*15 

1190*8 



L 

329 



October 18, 1860. — Barometer (32°), 30*050. Thermometer, dry, 56°*2; wet, 52®* 0. Calm. Elastic 
force of vapour *338. Humidity, *75. Weight of cubic foot of a^r, 530*7 grains. To ascertain the 
difference between the initial velocity of old and new pattern 12-pr. shells, with and without lubri- 
cating wads. 


r 1 

2 

i 

4.! 

6 

7:''^ 

8 

% 

W 

n 

12 

13 

14 
L15 
flG 

17 

18 
n 
20 
21 
2*2 
23' 

m.. 

m 

26 

m 

,29 

fSO 

81 

32 

3 :’> 

84 

SS 

3G 

37 

38 
89 

40 

41 
.42 
'48 
41- 
15 
40 

47 

48 

49 
SI) 
61 
JS: 


lbs* oz. 
1 8 


I 

I 

I 

i 


8*072 


lbs. oz. 
11 0 




»d 


3*085 


8*072 


41*60 
4X-46 
41*40 
41*40 
41 '-46 
41*45 
41*50 
41*65 
41*60 
41*66 
41*65 
41*60 
41*50 
41*60 
41*65 
41*60 
41*65 
41*50 
41*65 
41*55 
41*45 

41*65 

41*60 

41*65 

41*60 

41*45 

41*45 

41*50 

41*70 

41*65 

41*75 

41*70 

41*76 

41*75 

41*55 

41*80 

41*80 

41*65 

41*55 

41*65 

41*00 

41*45 

41*40 

41*40 

41*45 

41*66 

41*60 

41*50 

41*40 

41*50 

41*65 


108*45 

107*10 

107*25 

107*05 

107*45 

107*56 

107*40 

107*79 

107*50 

107*70 

107*65 

107*65 

107*60 

107*50 

107*15 

107*90 

107*30 

107*80 

107*20 

107*70 

107*50 

107*10 

107*25 

106*80 

105*80* 

108*00 

106*70 

106*80 

108*05 

108*25 

108*15 

108*75 

108*10 

107*76 

108*50 

108*00 


109*00tl 

108*35 

108*40 

108*25 

107*65 

108*46 

108*05 

307*75 

108*00 

108*80 

108*06 

108*45 


ft, 

1136 -Oh 
1161*4 ■ 

1158*6; 
1102 * 
1164*7 
1162*8 
1155*6 
1149*0 
1153*7 
1149*9 
1150*91 
1160*9: 
1151 *8j 
1153 
1160*4 
1146*1 
1157*6 
1148*0 
1159*5 
1149*9 
1153*7 
1161*4 
1168*5 
1167*2 
1186*7 
1144*41 
1169*1 
1167*21 
1146*1; 
1142 
1144*2 
1133*1 
1145*1 
1161*7 
1137*7 
1147 0 


1128*51 

1144*2 

1135*7 

1188*4 

1149*6 

1134*7 

1142*1 

1147*8 

1143*1 

1137*6 

1342*1 

1134*7 


ft. 


1163*2 
Mean ■ 
1154*2 


1166*1 

Mean 

1157*1 


1150*8 

Mean 

1142*0 


1149*4 
Mean ■ 
1140*6 


yds. 

290 

297 

318 

296 
808 
326 
323 
300 
306 
300 
308 
300 
310 
323 
316 
823 
295 
267 
326 
330 

297 
32«4 
300 
887 

292 
316 
830 
339 
332 
302 

293 

294 
278 
278 
300 
288 
800 


290 

253 
266 
250 
263 
262 
252 
252 
270 
276 
256 
260 

254 


Excluded from the 
moan. 

Powder, A 4., from 
same barrel. 

Q. pattern shell, 
with lubricating 
wads. 


Service pattern 
with lubricating 
wads. 


A wrong cartridge 
used by mistake. 


The gun was hero 
carefully washed 
out. 

Service pattern, 
bore washed out 
after every 
round. ISfowads. 


t Doubtful. 


Q. pattern. No 
wads. 


THE' 'EOYAL ' AEmEEBY ' IHSTITHTIOK. 
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March 13, 1861. — ^Barometer (32°), 30*075. Thermometer, dry, 43°*0 ; wet, 37°*0. Elastic force of 
vapour, * 142. Humidity, * 61. Weight of cubic foot of air, 554*5. grs. To ascertain the initial velocity 
of a 9-lb. shell, fired with a charge of 1 lb. 2 oz. ftom the 12-pr. gmi. 


I 


IS 


Projectile. 


■I’ature. 


Dia- *§) 
meter. ' 


Be» 

coil. 


Bis- 

Ijunetor.! 


Beading of 
Iseedle, 


Pro- 

jector. 


Velocity. 


At 

so yds.; 


Eange. 


Initial. 


Bemaees, 


J 

<1 

. C r-t 

h^o. 

'■« A 


■lbs. 02 . 
112! 


3*074 


[lbs. 

9 


8 4 
S 6 
8 2 
8 1 
7 9 
7 2 

e 9 


36*85 

36*90 

36*85 

36*85 

86*95 

36*66 

36*85 


103*90 


103*85 

103*75 

104*70 

103*85 


ft. 

1140*8' 


1141*8 
1125*7 
1109*1 
1133*8 J 


ft. 


114-1*2 . 
■Mean i 
1130*0 ■ 


yds. 
210*1 
245*1 
252*0 
247*1 
244*3 
243*0 
248 *6 


Gun. laid p. b. with 
spirit level. Lu- 
bricating wads 
used. Powder, 
A 4 Hall & Sons, 
11/7/60. Lot 2. 

* hTo reading. 
Ranges appear 
doubtful ; pro- 
bably a mistake 
has been made 
in counting the 
pegs. Instru- 
ment used,ISro.32. 


March 13, 1861. — ^Barometer, (32'") 30*075. Thermometer, dry, 43°*0 ; wet, 37°' 0. Elastic force of 
vapour, *142. Humidity, *51. Weight of cubic foot of air, 554*5 grs. To ascertain the initial 
velocity of projectiles fired from a 12-pr. Armstrong gun as a function of the weight of the pro- 
. jectiie. ' 





lbs. 


r 1 

■ M , . 

1 


1 2 



M . 

\ 3 



u 

1 ^ 




L 6 

, , , 



f 6 

<SI 

is 

ci. 

1 

1 




m 

n 


10 

4J‘ 



111 




(n 

f 

it 


13 


,, 


jl4 


,, 

P 

115 : 

g 

}» 


16 


>s 


U7 

■ ri" 

» 


fis 


5» 


19 


n 

. 

J20 

g 


p 

21 

c! , 



t 22 

1 ' 


. 

(24 

i 


p 

[25 : 


S*' 

S' 

27 

1 

»»■ 




[ it' 


P!! 


3*074 


3*084 


lbs. oz,! 

9 0 i 8 
' 8 
8 
7 
7 


11 9 


8 
6 
3 

8 10 
8 8 
9 0 
8 10 
9 9 
, & .4 
24 2|!20 9 


24 


1 21 . ... 

24 14 21 1 
24 8 19 7 
24 3||19 2 
24 5 ilS 4 
35 10 |22 11 

m 6 121 0 

35 151:23 0 


35 10 
J15 10 
35 15 

47 12 

48 31 
48 4 

47 8 
47 8 


0 

121 4 
19 6 
21 9 
[27 6 

Im- 

peded. 

27 8 
26 0 


36*70 

36*90 

36*95 

36*95 

36*80 

36*75 

86*75 

36*70 

86*86 

36*70 

36*30 

86*90 

86*70 

86*65 

86*60 

86*85 

86*75 

86*40 

86*55 

38*50 

86*70 

86*75 

36*60 

86*65 

88*20 

88*50 

33*25 

38*80 


94*00 

93*85 

94*30 

93*60 

94*25 

98*55 

97*80 

97*75 

98*45 

98*40 

98*70 

123*10 

122*70 

122*85 

121*10 

121*80 

122*95 

118*40ti 

115*05 

114*10 

114*20 

118*85 

123*95 

123*20 

121*75 

121*25 

122*75 


■ft. i 
1321* t'n 
132S*1 
1314*7' } 
1330* 9i 1 
1315-9U 
1223*81' 
1238*9 
1237*1 
1225*6 
1226*6 
1212*7!J 
845*5,1 
8.50*3; I 
848*. ^ 
870*2 
861 *5i 
847*3 
726*0 
708*8 

721*2 

720*1, 

723*8i 

625*S;->i 

605*81 ! 

G18*0| 

622*3' 

609*r>i 


ft. 

1336*8 j I 
Mean 
1322*2 y 

1237*2 
Mean ^ 
1227*4 


856*7 
liean • 
868*9 I 


721 *5 J 
720*0] 


614*8 J 
613*9] 


yds. 


2S0 

2S4 

288 

292 

294 

291 

327 

300 

315 

200 

190 

201 

205 

205 
201 
170 
163 

206 
209 
211 * 
208 
110 '0 
115*0 
107*0 
115*0 
113*0 


Gun laid p. b. with 
spirit level. Lu- 
bricating wads 
used. Baiiges 

appear errone- 
ous, and are 
evidently cai'c- 
lessly taken. 
Powder used, A 4, 
Hall and Sons, 
11/7/60, Lot 2. 
The powder used 
for rounds 6 to 
11 is supposed to 
be the same ; but 
this is not cer- 
triin. 

t Screens 90 ft. 
apart. 


Carriage broke 

down. Gun 

mounted on old 

9-pr. carriage. 

Carriage broke 

down. 


March 13, 1861.— Barometer (32®), 30*075. Thermometer, dry, 43®* 0; wet, 37°*0. Elastic force of 
vapour, *142. Humidity, *51. Weight of cubic foot of air, 554*5 grs. To ascertain the initial 
velocity of a 9 -lb. shot fired from the service field gun. 




11)S, oz. 

0 14 



4*0S 

lbs. oz. 

9 5 

2 11 

35*60 

0 

wj 2 


n n 


■ Q 

4*08 

9 

6 

210 

36*00 

92*50 


„ 0 


"S , 

4*08 

9 

5 

2 9 

36*M 

93*30 

P ( 4 


1 8 " 



4*08 

9 

5’ 

2 9 


^*70 

M f 'S 




4*09 

9 

■6 

4 S 

^'20 

75*15 

w i 6 
Hi i 7 


59 »9 


§ 

4*08 ■ 

9 


■4 -3 

33*20 

75*40 


99 5* 


f-J 

4*08 

9 

5 

4''5 

33*40 

75*90 


At ft. 

25 yds. 

1037*6 ) ^ I 

1298*8, 


r9| 


yds. 

209*0 

200*0 

200*0 

275*0 

269 

115 


Gun laid p. b. 
Ht. of line of axis 
of gun, 3' UP". 
Powder W. A. 
Lot 2r>0. Screens 
90 ft. apart. 



Sfewli 14j 186i."-Bai»meta' (32®), 30*340, Therm, (dry,) 50°*3 j wet, 46'^* 4. Elastic force of vapour, 
*261. HionMlty, ' 72. Weight of cubic foot of air, 550* 6 grs. To compare the initial velocities of a 
projectile fired from a rified, and of one of the same weight and form fired from a smootli-hored gim. 


Beading of 


Projectile. 


BjV 

meter. 


Dis- Pro- At Tnilinl 
minctor. jector. SO yds. 


^fatiirc. 


*** Screens placed 30 
yards apart. 
Height of axis of 
gun, 4 ft. Powder, 
A4W. A. 22/2/01. 
Lot 288. 


1224*6 
-Moan • 
1215*7 

1135*3 
•Mean • 
1122*1 


yds. 

f 290*0 * Cartridge made 
j 277*0 up 12 ins. long. 

1 312*3 t Ho. 9 do. 

L 254*6* $ Ho. 8 do. 

f 270*3 § Ho. 74 do. 

i ooh.Q {j Ho. 0 do. 

j ^ Height of axis of 
I 290*0 gun, 4 ft. 

Powder A 4, W. A. 
831*3 22/2/61. Lot 288. 


as above. Experiments to ascertain the initial velocity of a IS-pr. Armstrong 


yds. 

f 813*0 Gun laid p. b. 
293*0 H. L. of axis 4 fL 

830*0 Powder A 4, Hall 

366 * 6 and Sons, 11/7/60. 

336*6 Lot 2. 

359*8 * False connexion. 

329*0 
L 299'! 


»j i* 


ABTILLEBT IHSTITOTIOH. 


im 


Same date and eircttmstaiiees as before. , Experiments ' to ascertain tbe effect of climinisMng tbe lead oijf 
tlie base of tbe 12-pr. Armstrong projectiie. , ^ 


4 

n 

'Cf, , 

O 


,' Projectile.' ; 


Beading of 
Needle. 

,¥elocity. ' , 




S', 

o 










Ptaiige. 


Eemaees. 


Cliarge. 




coil. 






SH 

o 

6 

li 

jN’atiirc. 

Dia- 

meter. 

Weighi 

Bis- 

jmictor. 

Pro- 

jector. 

, , ,At 

30 yds. 

Initial. 




: 


lbs. 055. 



lbs. oz. 


0 

0 

ft. 

ft. 

yds. 





1 8 


8*074 

11 0 

6 0 

30*75 

92*45 

1205 '3 

) 1218*2 ( 
^ Mean. 4 
j 1238-3 ( 

2S9*S 


f* Segment shells 


i. 


„ 

,, 

8 6 

30*70 

00*45 

1244*4 

265*3 


fired under nor- 

..S<Sl ,8 



, ■ — 

99 

ff ' 

7 6 

30*75 

00-60 

1241*4 

312*3 


} mai circum- 

Hi, ( 4 


.. „ 

. — 


ti .. 

8 5 

30*60 

90*75 

1229*0 

315*0 


L stances. 


; rH . 











! rSame shell turned 














down to the di'a- 

gc 

■ 


— ■ 

3*01 

93 99 

8 3 

30-75 

93*70 

■1183*7 

■) 1209*7 ( 

260*0 


meter 3*01 ins.. 








^Mean ^ 



with the oxcep- , 

tc' 

.. .. 

— 

w 


S 0 

30-89 

91-95 

1216*8 

) 1200*2 i 



tion of a ring; 


: . ", ■§ ■ ' 












about 25 ins. at 


: ■' '■ 'i 











L base. 

b(’ 

at* 

" , , 1' 


— 

' 99 ■ 


r- , 

80*05 

94-90 

1161*9 

) 1172*8 ( 

,— 






9. i 

99 S3 


30-80 

01.-70 

1165-5 

V Mean < 
j 1163*7 ( 

203-6 


Same shell turnefl , 
down through- i 


' ■ , 

, , . 



■ J,,> ■ 

'■99: 99^- 

, ~ 

30*90 

00-75 

lOSO-4 

) 1007*0 ( 
> Mean < 

21-5*3 

j out to the dia- 
meter 3*01 uis. 

11“ 



1 ' — ■ 

’ 99, " ■ 

,99 99 

' 

30-95 

0 S'6O 

1098-8 

) 1089*6 ( 

266*0 















Powder, A 4, Hall 






, 

\ 

j 








and Sons, 11/7/60. 
Dot 2. I/asfc 2 
rounds a different 
powder, A 4, W. A. 
5/9/60. Lot 288 



1 







1 




were used. 




■No. 12, i 

October 17, 1860. — Barometer (32°), 30*090. Tberm. dry, 51*^* 5; Tiret, 47'^*4. Elastic force of vapour, ' 
•273. Humidity, *72. Weight of cubic foot of air, 544’ 7 grs. To ascertain the difference, if any, in 1 
initial velocity or regularity between two Armstrong guns, one of which had been exposed for seyeral i 
weeks without protection to the weather. • 


1 

2 

3 

4 

5 

0 

7 

8 

0 

10 

11 

12 

13 

14 

15 

!C 

^ S " , 

" « ■ 

-W4a 

CG >> 

lbs. oz. 
1 8 

» 5J 

55 

55 39 

55 55 

5J ?5 

55 55 

55 3 5 

55 55 

53 55 

55 3> 

55 55 

Segment shell weighted. 

3*085 

33 

9> 

5» 

■ 99 

95 : . 

53 

. ■ 93 

99 

93 

lbs. oz. 
11 0 

5? 35 

93 93 

93 99 

93 99 

99 3? 

55 95 

9? 55 

93 99 

J> 93 

99 99 

93 93 

' 

M 1 I i 1 1 1 11 11 ] M 

0 

41-40 
41-40 
41*45 
41-60 
41-55 
41-50 
41*55 
41 -50 
41-60 
41-45 
41-50 
41-70 
41*50 

41*05 

0 

109-55 

108-40 

10S*-f0 

108*30 

108*80 

108*75 

109*00 

100*20 

100*10 

109’]5 

100*10 

100*25 

100*15 

109*10 

ft. 

1115*2* 

1136*0 

1136*0 

1137*0 

1128*7 

1120*6 

1125*2 

1122*7 

1124*5 

1123*6 

1124*5 

1121*8 

1123*6 

1124*6 

L 

J 

ft. 

1186*3 

-Mean 

1127*6 


255*0 

265-0 

265-0 

264*0 

2f52*0 

200-0 

256*0 

260-0 

257-0 

262*0 

268-0 

260*0 

268*0 

260-0 

250-0 

This gun ha,d been f i 
exj>Dscd (without 
being touched) 
to the weather 
for several weeks. 

It appeared to 
have been well 
gi-eased. It wm 
fired without 
being claanod. 
Therewas no diffi- 
culty ill working 
it. Lubricating 
wads were em- 
ployed. Powder, 
A4. Gun mounted 
on field carriag^e. 

* Not included In 
the mean. 

16 

. 

1 S~ 


8-085 

11 

0 


i 41*65 

108*05 -i 

1128-6* 



d 

310 ‘O"' 

This gun wa» new 

17 


99 ,' *9 ■ 

■" ■ ^ :■ 

'■ 33 " 


,, 


41-50 

108*15 , 

1,143*4 i 



1 

312-0 : 

and very clean. 

18 


99 ' "S 9 "• 

M 

■' 33 ■ 

99 

93 

— 

41*60 

' 108*05 

1145*3 i 




311-0 

Dubticaiangwads 

19 


1-99 99 


■■■' ■ 35 ■ 

59 



41*60 

107*06 

1147*1 




' 300-0 , 

used. 

20 


1 „ „ 

W 

1 39 

99 

99 

— 

41*50 

: 107*80 

1150*0 




* 260*0 

■ Not included in 

21 


99 99 

1 

1 39 

■ 95 - 



, 41*76 

; 108*40 

1136*0 




282*0 

the moan. 

22 

Pm 

99 99 




T’ ■■ 

■ 

41*60 

108*25 

1139*7 


1150*6 
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APPENDIX I. 


Experiments made to determine the time of a small oscillation of the 
pendulum belonging to No. 24, Major Navez’s Ballistic Apparatus. 

N.B. Ihe pendulum was remwed from the insfrument and smmsc in the 

regard to tSXfSpenim.' ” 

2m July 1860. 
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26th July 1860. 

3rd series 400 vibrations in 133*1 seconds. 
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Hence, taking the sum in each of the above series, we have- 

5,700 vibrations in 1896-7 seconds. 

3,400 „ 1129-7 „ 

3,400 „ 1130-7- „ 


12,500 4157.1 

Chronometer fast 6-9 


12,500 


4150-2 


Or tile time of one small oscillation =0-3320 seconds. 


APPENDIX II. 


'Phe same precautions were adopted as in the case of instrument No. 24. 
5th March 1861. 
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Or one small oscillation in 0*3337 seconds. 
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N.B, — The foregoing interesting Report was furnished to the 
members of the Royal Artillery Institution by the Right 
Honourable the Secretary of State for War. 
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DESCEIPTION 

OP . ■ ■ 

NAVEZ’S ELECTEO-BALLISTIC APPAEATES/ 

EOE DETEEMmiHG THE VELOCITY OE PEOJECTILES. 


By Lieutenant W. H. KOBLE, B.A. 

Having been requested by the R.A. Institution to furnish them with a 
full description of this apparatus, as a supplement to the valuable report by 
Captain Noble, late R. A., printed in the R.A. Institution Proceedings/^ 
YoL III. p. 117, I beg to submit the following pages in hopes that they 
may prove acceptable. Captain Noble has given a short account of this 
instrument which, although quite sufficient for a report to those who were 
intimately acquainted with the apparatus, was not intended for the guidance 
of such as have never had an opportunity of witnessing experiments with 
the electro-ballistic machine. 

In order thoroughly to understand the nature and working of the instru- 
ment, the reader must be somewhat acquainted with the elements of 
electricity, galvanism, and magnetism, which can be studied in any book on 
the subject. 

I would suggest attention to the following points : — 

(1) Nature of an electric current. 

(2) Conductors and non-conductors of electricity. 

(3) The voltaic battery. Elements of Bunsen’s, and Groveses batteries. 

(4) Magnetization of soft iron by the electric current. Electro magnets. 

(5) The necessity of complete insulation in the wires conducting electric 

currents. 

(6) Yelocity of the propagation of electricity. 


1. Major Navez^s electro-ballistic apparatus consists of three distinct 
and separate parts : — 

. The Pendulum Proper. 

The Conjunctor. 

The Disjunctor. 


* Major Narez, Belgian Artillery, Bas puTjlislied a book of instructions on this subject, wHcb 
lias been very clearly translated by Lieut;-Col. C, W, Younghusband, E.A. 

The diagrams and woodcuts belonging to this translation have been placed at the disposal of the 
E Jl, Institution by the War Office. 

[vOL. III.J B 
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The Pendtihm Proper (Plate I). 


2* Consists of a strong brass plate bearing a limb c> graduated on 
silver from to 150°. An opening in the centre of this plate admits of 
the adjustment of the axis of suspension ^ of a pendulum formed of a 
steel rod b with collar and brass bob into which bob a small plug of soft 
iron is inserted. The axis of the pendulum is perpendicular to the face of 
the plate. This pendulum consists of two parts, the steel rod bearing the bob, 
and an index needle /, fixed through a collar to an iron washer or circular disc /. 
A forked spring presses the collar of the needle against the collar of the 
pendulum rod. The result of this ari’angement is that wdien the pendulum 
rod is put in motion it carries the needle with it, and the whole oscillating 
system consists then of the pendulum rod with its bob and collar; the 
needle with its bob, collar, and iron washer; and the axis of suspension or 
prolongation of the pendulum collar. 

An opening towards the side of the brass plate admits the adjustment of a 
^raight electro-magnet n At the centre opening, immediately behind the 
iron washer, a strong horseshoe electro-magnet % is fixed, so that when the 
oscillating system is set in motion the poles of the magnet are extremely 
close to the posterior face of the iron washer/. A base of wood X supports 
the whole apparatus ; this base is provided with levelling screws IT, 
pressure screws WW, to establish communication with the electro-magnets; 
and a spirit-level Z perpendicular to the face of the instrument. 

The Tender of the needle is graduated to read the of 1°, or 8 minutes. 


The Cmjunctor (Plate II). 


3, Consists of two upright brass rods bi, upon which a straight electro- 
magnet a is made to slide. Each of these rods is furnished at its lower 
extremity with a pressure screw d, to establish communication with the 
electro-magnet; the electric current arrives by one rodj magnetizes the 
electro-magnet, and returns by the other rod. 

Under the electro-magnet is a small iron cup,/> connected with a pressure 
screw by a strip of copper k. In this enp a little mercury is placed. The 
height of this mercury can be regulated by a screw g, with a divided head o. 
To another pressure screw a steel blade I is attached, carrying a pin which 
can be placed exactly over the orifice in the iron cup. The cup is sur- 
rounded with a movable brass cylinder g, which can be taken off to examine 
the mercury, &c. A leaden weight r with a soft iron head completes the 
conjunctor. 


The Bisjunctor (Plate III). 


straight springs aa are mortised into two pressure screws. 
8^ screw b, with platinum point, is inserted into the free extremity of eac 
of these sprmgs. Two other screws, with platinum points, are arranged i 
brass supports e, so that their points are presented to the points of tl 
supports e aie furnished with pressure screws. 


aii:;:: - 
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Upon the middle of tlie base a brass cylinder i is fixed> contaming a 
spiral spring and piston/; at one extremity of the piston is an ivory 
buffer at tlie other extremity a brass handle When the piston rod is 
drawn back it cocks on a trigger i placed behind in a direction perpendicular 
to the rod.,' . . . 

When the disjuiictor is thus cocked the ivory buffer no longer presses 
against the two straight springs^ and the two pair of screws with platiimm 
points are allowed to come in contact with each other. Then, if one electric 
circuit includes the two pressure screws on the right, and another electric 
circuit the two pressure screws on the left, free communicatioE will take 
place, as the little platinum pointed screws will be touching. But if the 
button on the trigger be pressed, the piston rod is allowed to fly back, and 
the ivory buffer strikes against both the springs, and by detaching the points 
of the little platinum pointed screws from each other, breaks both circuits 
exaetlg at ike same fmment 

Adjustment of the Apparatus^ 

5. The apparatus must be placed in a spot well sheltered from wind and 
dust, and at a sufficient distance from the gun to avoid the disturbing 
influences arising from the shock of the discharge. The pendulum and 
conjunctor are set upon a solid heavy table, perfectly insulated from the 
building in which it is erected. The disjunctor is set on a table placed 
beside the other. 

6. It is important that the pendulum should be so adjusted, that the 
oscillating system, in vibrating from its initial position to that of equilibrium, 
should pass through an arc of 75°. This is performed by means of the two 
levelling screws on the left of the base, and the adjusting screw on the 
rigiit. 

The suspension of the pendulum is regulated, so that the washer is made 
to oscillate as near as possible to the poles of the large electro-magnet 
without touching them. 

7. In the conjunctor care is taken that the mercury is quite pure, and 
the point of the pin free from oxidation. 

In the disjunctor the platinum pointed screws are arranged, so that there 
is an interval between their respective points something greater than the 
thickness of a piece of writing paper^ 

Voltaic Batteries, 

8. Two batteries must be employed, the elements may be either those of 
Bunsen or Grove, 

The battery should be outside the room in which the instrument is, but 
should not be removed very far, in order that the current which magnetizes 
the large electro-magnet, may meet with as little resistance as possible. 
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Frame TargeU. 

9. The frame targets axe made of well dried wood^ and of just sufficient 
size to afford a good mark in firing, Kg, 1. The sides of the targets are 


famished with a range of pins, covered with gutta percha, and the wires 
are stretched bj these pins across the target, two or three turns being taken 
round each pin. The distance between the wires is made equal to about 
half the diameter of the projectile used. When it is necessary to mend the 
wire, after a shot has passed through the target, it is done by simply twisting 
the two broken pieces together. Kg. 2. The copper wire employed in 
,, — — ^ making Artilleiy experiments should not be more 
fO}) than 0*012 in. in diameter. The targets are gene- 
rally made about 30 by 60 ins., a cross piece 
/ being placed about 20 ins. from the bottom, and 

Kg. % so reducing the space through which the shot 

/ passes to 30 by 40 ins. When the first target 

jj is near the muzzle of the gun it is necessary to 

' protect it from the blast of the discharge; for 

this purpose a screen (Fig. 3, p. 155), formed of 
strong plank, is interposed between the gun and 
the first target. A hole, about 1| calibres in ffiameter, is cut in the centre 
of this screen, to admit of the shot passing it. 





Ustahluhing Communication* 


10. In establishing cornmnnication^ between the different parts of the 
instrument and the battery^ copper wire insulated by cotton covered with 
varnish;, or giitta percha^ is made use of. The main wires^ or those leading 
from the apparatus to the wire targets^ may be either of copper or gal- 
vanized iron, supported on posts in the ordinary telegraphic manner, Eig. 4. 
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The circuits ivhicli it is necessary to establish are three in number ; their 
direction is shown in Fig. 5. 


S M lat Circuit..... 1, 2, 3, 4, B, 6, 7, 8, 9. 

Sud „ 10, 11, 12, 13, 14, 15, 16, 17, 18. 

g M „ ' - 


..1, 19, 20, 21, 22, 23. 


SIS 


Fig. 5. 


Pendulum. 


Conjunctor, Disjunctor. 


The^ first circuit includes the first wire target 2, the tw^o pressure screws 
belonging to the straight electro-magnet of the pendulum 3, 4; the two 
pressure screws on the left of the disjunctor 5, 6, and the two poles of the 
larger battery 1, 9. 

1st Circuit 1, 2, 3, 4, 5, 6, 7, 8, 9. 

The second circuit includes the second wire target 15, the two pressure 
screws at the extremity of the rods on the conjunctor 13, 14 : the two 
procure screws on the right of the disjunctor 11, 12, and the two poles 
of the smaller battery 10, 18. . w 

and arcuit 10, 11, 12, 13, 14, 15, 16, 17, 18. 

lie third circuit includes, the two pressure screws belonging to the large 
horseshoe magnet of the pendulum 19, 20; the two remaining screws on 
the conjunctor 21, 22; and the two poles of the larger battery 1, 23. 

: Srd Circuit 1, 19, 20, 21, 22, 23. 

' " rirSfthJ® <^cmt include the larger battery, and the second 

circuit the smaller batteiy; hut the first and third circuits are never open at 
time, as the first cmaut is always broken before the third circuit is 
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Megulating the CwTenU»^ 

11/ The communications having been established^ the disjunctor is put 
upon cock/and the operator^ hj touching the two straight electro-magnets 
with a piece of iron/ assures himself that the currents follow the required 
circuits. If he finds that both magnets are active^, he is certain that this is 
the case; if onej, or both of them, are not active he knows that there is a 
breakage somewhere in the communications, or that the batteries do not 
furnish a current of sufficient intensity. Supposing that both magnets be 
found active, the operator then causes the pendulum to oscillate, and 
proceeds to regulate the mercury in the little iron cup of the conjuiictor, by 
turning the vertical screw-head till the mercury comes in contact with the 
point of the pin belonging to the steel blade ; the moment the mercury 
touches the pin the third circuit is completed, the large horseshoe electro- 
magnet becomes active, and, by exerting a greater force upon the washer of 
the needle than the spring which presses this washer to the pendulum rod, 
clamps the needle. 

The operator then turns the vertical screw-head back two whole revolutions, 
so that the circuit is again opened, the washer now is detached from the 
electro-magnet by taking its collar with the forefinger and thumb, and drawing 
it towards the operator's body. 

12. These preliminary arrangements being completed, the pendulum is 
carefully raised to its initial position, supporting the rod on the first finger. 
If the pendulum bob is attracted very strongly, the battery must be reduced 
one element, by changing the points of attachment of the wire, Fig, 6. 

The power of the electro-magnet is again 
tested, and the core withdrawn till the electro- 
magnet has not the power of bolding the 
bob any longer, the core is then screwed back 
till the magnet just holds up the bob. 

The core or piece of soft iron in each of 
the two straight electro-magnets is made to screw in and out, by this means 
the power of the magnet can be varied at pleasure. 

13. Exactly the same arrangements are gone through in regulating the 
currents of the conjunctor, whose electro-magnet is just made powerful 
enough to overcome the effect of gravity, and hold up the leaden weight. 

Trial of the Apparatus when Adjusted, 

14. "When the apparatus has been thus adjusted, a trial is made to see 
whether the instrument works correctly. To do this, it is sufficient to 
employ the instrument to measure a known time. If the time chosen be 0, 
the trial consists simply in operating, twice in succession, by means of the 
disjunctor. 


^ TMs operation used to be performed by means of regulating -wires of platinum,' in the 
instruments of tbe latest pattern the currents are regulated by means of screw cores in the straight 
electro-magnets of the first and second circuits. ’ , ? 




188 


mmw ow PEOCESBmGs of 


The operator puts the disjunctor on coct^ raises the pendulum with his 
forefinger to the electro-magnet, which retains it ; the zero of the vernier 
coincides then with the zero on the limb. The operator then presents the 
weight to the electro-magnet of the conjunctor, which retains it; sometimes 
the weight oscillates round the point of suspension, the operator waits till 
these oscillations cease ; then, pressing the trigger of the disjunctor, the 
ivory buffer strikes the springs, breaks both circuits together, and instanta- 
neously demagnetizes both magnets at the same moment ; the pendulum is 
set in motion, the weight falls, meets the steel blade, presses the pin into the 
mercury, completes the third circuit and instantly magnetizes the large 
electro-magnet, which clamps the washer and needle. 

The operator then removes the weight from the blade, notes the angle 
marked by the needle, detaches the latter from the magnet, and proceeds to 
operate again with the instrument exactly in the same manner. The needle 
again marks an angle, which ought to be the same as that of the first 
operation ; if there is a difference, it indicates the degree of regularity in the 
working of the apparatus. A |)ractised experimenter may easily succeed in 
bringing the difference, between two successive operations, to a maximum 
of ; and he is able to see immediately wdiere the error lies, and knows 
at once the necessary corrections. Tke angle which the needle marh denotes 
the time, occupied hg the leaden weight in falling from its point of snspension 
to the steel blade. 


Mmplogment of the Apparatus, 

15. As soon as the operator is certain that the instrument works regu- 
larly, experiments may be proceeded vitli. The operator must bear in 
mind that the two operations, viz. that performed by means of the disjunctor, 
and that which takes place by the effect of the shot, must be made under 
identical circumstances. Suppose the instrument ready, the targets in their 
places, and the gun charged. The experimenter operates by means of the 
disjunctor, and reads off an angle which we will call A, Tig. 7 ; then having 

again put the disjunctor on 
cock, and placed the pendulum 
and weight in their initial 
positions, he gives the signal 
to fire. The gun is fired; 
the projectile passes through 
the first. target, breaks the 
first circuit, and demagnetizes 
the straight electro-magnet of 
^ the pendulum; the pendulum. 
The projectile then passes through the 
second target, breaks the second circuit, and demagnetizes the conjunctor 
electro-magnet ; the weight falls, presses the pin into the mercury, completes 
the third circuit by which the, large electro-magnet is made active, and the 
needle clamped. The operator reads the angle, which we will call A!, and 
which is larger than A, fer^this reason, that instead of both currents being 
hmYtxi slrnultaneonslg^^ h %% case when operating with the disjunctor, 
they are now broken su<^e^avdy^ as there is a certain distance between the 



in consequence, is set in motion. 
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two targets, over wliich tlie shot must pass. The angle ^rtherefore denotes 
the time occupied by the falling of the weight, UeJime occvpiecl hy the 
projectile m pasdny from the first target to the second. Therefore the 
difference between these angles, or corresponds to the time 

occupied by the projectile, in passing through the space included between 
the two targets. 

This angle is converted into time, by employing a table, giving the times 
corresponding to the arcs passed through by the pendulum. 

Calculation of the Tahle of Times, 

16. This calculation is founded upon the duration of one very small 
oscillation of the pendulum. To obtain this datum, the whole oscillating 
system is suspended upon a support. Tig. 8. The peiidolum is then made to 



oscillate, and the time observed by a chronometer ; this time divided by 
the number of oscillations, gives the time of one small oscillation of the 
pendulum. When this is known, it is easy to compute the time employed 
by the pendulum in describing any part of an oscillation. Tor (Kg. 9) 
calling I, the length of a pendulum beating the 

time if, of one very small oscillation ; v the velocity S 

of the centre of oscillation of the pendulum, or, 

the velocity of the point situated at a distance j 

I, from the axis of suspension after a vertical yf j 

descent h ; ir, the angle, variable with the point j'^\ i 

m; T, the time that the point m would take to 

move through a circumference whose radius is "“‘I 

with a uniform velocity v, ; 


17. By the common equation of the pendulum. 


vrhere t is the time of one small oscillation. 
[voL. in.] ' 
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and if a represent the constant angle of half-oscillation^ and x the angle 
variable with li. we shall have 


therefore 


%-=.l {cos (<2 — iij) — cos a} ; 
7>’=^sf%gl {cos (a — x) — cos a}, 
or © =^>/ 2{cos (a — £p) — cos a]. 


If he the time occupied by the pendulum 1^ in describing a whole 
revolution;, the motion being supposed to be uniform, 

— 


or 


2 n/ {cos [a — a?) — cos 


And, in generab if T be the time which the pendulum takes to pass 
through an arc contained K times in the circumference, 






K *J 2{cos (« — or) — cos a} ’ 


But in Navez^s apparatus the constant angle of half-oscillation = 75^; 
therefore 




2t 


K 2{cos (75° — x ) — cos 75°} * 

The values successively given to x correspond to the middle of each arc; 
thus in calculating a table when the arcs are made equal to 1° the values 
of X are made 2^°, &c., and it is assumed that each arc is passed 

through with a velocity equal to that acquired in the middle of the arc* 
This method of calculation of Major Navez is not stfiatly correct, but the 
small loss of time resulting from his method never affects those arcs^ 
comprised in the space A), and may practically be considered nil. 
Tables calculated by this means will be found in Captain Noble's Eeport, 
Appendices III* and IV* pp. 148, 149* 


Description of the affangemenis at ShoeinrgneBS for cafrging on experiments 
with Nwoe £ b MectTo^Ballistic Apparatus. 

18* The instrument room at Shoeburyness is constructed in the low^er 
story of the tower, used in supplying the barracks with water* No pains 
have been spared to make fins room as complete as possible. It is 
Ighted by three ikrge windows^ and has a stove in which a fire is 
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coBstaiitly kept. Tlie table^ on wHcli the instruments stanck is of very 
solid constrnetion/ and rests upon a large solid flagstone embedded in 
coricrete;, and perfectly insulated from the flooring. At each side of this 
table smaller tables are constructed, the greatest care being taken that they 
do not touch the large table. The room is furnished with presses, tables, 
shelves, and all the necessaries of an instrument room. A barometer and 
tliermometers of the very best construction, serve to denote the atmospheric 
cliangcs. 

19. The voltaic batteries are arranged on small shelves in an outer 
room, and the connecting wires between the voltaic batteries and the several 
parts of the instrument, as well as from the instrument and batteries to the 
inaiii wires, are copper wires of 0'05 in. diameter, insulated with gutta 
perclia. The main wires consist of ordinary galvanized iron wire of 0*16 in. 
diameter, stretched on posts to the targets. 

£0. The gun battery is at a distance of £ £5 ft. from the instrument 
room. The battery consists of two platforms laid parallel to one another at 
a distance of 10 ft. apart. In front of these platforms screens are placed, at 
a distance of £0 ft. These screens are of the most solid construction, and 
faced with sheet iron ; a slot, and movable slider, serves to regulate the 
size and height of the hole through which the projectile has to pass. At 
£ ft. in front of each platform pickets are driven into the ground, and all 
measurements with regard to the distance of the targets are made from these 
pickets ; in practising, the muzzle of the gun is brought over the picket. 

21. Trom each picket a horizontal distance of 150 ft. is accurately 
measured, following a line perpendicular to the hurter of the platform ; at 
the extremity of tliis distance a flagstone is firmly set in concrete, and a line 
drawn on the stone marking the distance ; from this flagstone a horizontal 
distance of 120 ft. is set off towards the platform, and another flagstone set; 
tlie targets rest on these flagstones. The first target is therefore at a 
distance of 30 ft. from the picket, and the second target at 120 ft. from the 
first, and at 150 ft. from the picket ; the point midway between the targets is 
therefore 90 ft. from the picket. Both ranges are parallel, and exactly the 
same, and, as has been stated, at a distance of 10 ft. from each other. 

£2. Other flagstones are placed at intermediate distances, so that the 
targets can be moved to within 60 ft. of each other when operating with 
small charges, and consequently low velocities. 

23. A line of posts, bearing the wires, comes from the instrument room 
to the first target, and the wires are then continued by a post to the second 
target. 

24. The targets consist of two parts, the frame, and the target. 

The frame is formed of wood, in the manner before described (Sect, 9) ; 
and the targets can be hung up on the frame, by means of hooks 
and eves. The targets are made of very hard wood and are 30 by 40-in., 
a row of hard wooden pins, 1*5 in. apart, are driven into the sides of the 
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target; tlie whole face is then coated with shellac^ and covered over with 
silk, and afterwards given two or three coats of shellac, this insulates the pins 
perfectly. Two little double pressure screws insulated in ebonite are inserted 
in the frame. When the targets are required for use, the wire is stretched 
across them by means of the pins, a short piece being left at each end. The 
targets are then hung on the frames, and the ends of the wire put in com- 
munication with the double pressure screws ; if these screws are also placed in 
communication with the main wires, the current will circulate through the wire 
on the target. When the wires of a target have been broken by the passage 
of a shot, it is detached from the frame, and a fresh target substituted. 

25. Several methods of construction have been adopted with regard to 
these frame targets, and the last seems to have given as much satisfaction 
as any, and is much the cheapest, viz.: the frame is constructed of common 
deal, and the pins are formed of screws run through a little piece of gutta 
perclia tubing. 


26. In order to ascertain the remaining velocity of projectiles, the fol- 
lowing arrangements have been made : — * 

The line perpendicular to the hurter of the platform has been produced 
and carefully measured to over 1000 yds., all the measurements being 
horizontal. 

Different ranges have been established on this line at the several distances 
from the gun of 200, 400, 600, and 1000 yds. Upright posts are sunk in 
the ground at these different distances, the posts are about three feet 
high, and serve as supports for the movable posts to which the wire targets 
are hung. 

The targets used at these long distances are from 6 to 9 feet square. 

Thus, let us suppose the range to be 200 yds., or that it is required to 
estimate the velocity of the projectile at a point 600 ft. from the muzzle 
picket. 

. The first pair of pickets are set at 540 ft. from the picket, one on each 
side of the perpendicular line and at about three feet from it, leaving there- 
fore about 6 ft. between the uprights. 

The second pair of posts are set in the same manner, at 120 ft. from the 
first pair, and, therefore, at GOO ft. from the picket; so that the middle 
point between both pairs is 600 ft. or 200 yds. from the picket, 

Tlie other ranges are completed in the same manner. 

The space of 120 ft. may be reduced by placing other intermediate 
uprights. 

The wires are carried on posts in the ordinary manner to the 200 yds. 
range ; after that the wires are laid under ground, being perfectly insulated 
with indian-rubber and tarred hemp. 

The cable for this purpose was^ made by Messrs Wells and Hall, of 
Mansfield Street, London, and has given much satisfaction. 

The cable passes through a station, opposite each range, in which there is 
a disconnecting apparatus ,;, by , this arrangement the wires in the cable can 
be put in communication with the target on any range down the line. The 
"tepbita m hmtA of '.holfolr i^iron cylinders with screw caps. 
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£7. Ill aclditioii to the foregoing arrangeinents^ a smaE portable wooden 
hut has been constructed/ in order that the instrument may be moved from 
place to place;, Kg.. 10. .... 



The hut has a half-flooring, and the table on which the instrument rests, 
stands upon the natural ground, without touching the hut. A movable 
cable has also been constructed to accompany this hut. This cable unrolls 
itself off a travelling axle, and can lie on the ground while the ends are 
attached to the frame targets and the instrument. 

I have found this arrangement of the greatest use, as the instrument can be 
moved to any gun which may happen to be of such a size, or in such a 
position, as to make its removal inconvenient. 

28. I have had considerable experience in the use of Major Navez^s 
delicate and beautiful little instrument, and can speak from personal know- 
ledge of its great accuracy when skEfnlly manipulated. 

The following are the chief points to be attended to : — 

Any error in the adjustment of the pendulum is easy of correction ; the 
principal thing to be looked to being the distance of the washer from the 
poles of the large electro-magnet, and the amount of play allowed to the 
oscillating system. This has been explained already. 

Of course every part of the instrument must be kept quite clean, and[ free 
from dust or grit. 

In the disjunctor care must be taken that the platinum pointed screws are 
near enough to one another, and that when the instrument is cocked one 
blade is not in advance of the other. 

The chief source of error lies in the conjunctor ; tAe mercury mud he 
fectly fMre^ and duiing a long day^s experiments it would be well to change 
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ibis once or twice, as it becomes more or less covered with an oxide, oning 
to the spark caused by the disruption of the current when the leaden weight 
is taken off. It sometimes happens also, unless care be taken, that some of 
the mercury splashes out of the little cup when the weight falls. 

This weight should have a hemispherical bottom; and when it gets 
flattened, by constant falling on the steel blade, it should be rubbed against 
a piece of sand paper held in the holloiv of the hand; a mixture of lead and 
antimony is the best material of which to make this weight. All the 
several connexions should be kept well polished, and the insulation of the 
wire targets complete. 

I have sometimes found a target become uninsulated by being spattered 
with the grease contained in the lubricating wads, used with rifle guns. 
Care must be taken that all the pressure screws bite the wires firmly; the 
action of the disjunctor sometimes loosens the pressure screws on that 
instrument. 

The table should be truly level, the instrument carefully levelled, and the 
pendulum adjusted in the half-arc of oscillation. 

There must be no friction of the vernier against the limb, and the tension 
of the forked spring must be nicely regulated. 

The resistances in the first two circuits should be as fine as possible, 
and the battery which supplies the currents should be in perfect trim, 
well amalgamated^ and the acid fresh and good. The batteries should 
be prepared at least a quarter of an hour before using the instrument. 

The operator must bear in mind that lie is conducting a philosophical 
investigation which requires skill and care in order to render the results 
trustworthy. 

Use of idle Table . 

29. The following is an application of the calculation, and the manner 
of employing the table the vernier reading 0^*05. 

110-pr. AimsTEONo Gnisr. 

Instrument 32. 

or arc obtained by firing ~ 109®*05 

Jt, or arc obtained by disjunctor * — 41*60 

To obtain the time corresponding to the arc M, the number corresponding to 

109th degree is sought in the column “ Total JOurations,” and found ... = Cr'*2406o0 

To this must be added the time corresponding to *05 of the 110th degree j the 
‘'Partial Duration” corresponding to the 110th degree is 0''’001743 ; mul- 
tiplying this by *05 we obtain ~ 0'''*000086 

7, V - ~ 0'''240736 

Iroceeding in the same manner to obtain the time corresponding to the angle 
we find, ^ 

0M32592 

ior*GO 0*001728 X *60 ^0^^*001030 

A =: 0"*133628 

0''*107108 

_ To calculate tlie velocity of the projectile from the time obtained by tbe 
instrumeut, it suffices to divide the distance between the two targets by this 
time^ to give the velocity ^ the projectile at a point in the trajectory equi- 
distant between the targets* Supposing the targets to be 120 ft. apart, and 

^ Eeport, Appendix IV*. p. 149. 
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tli6 time : oBtai ;0"*107108j the ?elocity of tlie projectile, at the ecfui- 
distant point is 

; 1120*4 feet. 


120 


0*107108 


and as the first target was at a distance of 30 ft. from the muzzle of the gun^ 
11 £0*4 is the ¥alne of v at 90 ft. from the muzzle.* This velocity must be 
corrected to that which it would have been at the muzzle. 


30. The initial velocity of a projectile has been calculated from several 
different formute. The one which has been used in the experiments with 
Navez^s electro-ballistic apparatus at Shoeburyness is 



in which w is the distance from the muzzle of the gun to where the velocity 
is The value of r is constant and equals 1427 ft., and the ballistic 
coefficient c is given in the following tables for all descriptions of 
ordnance. 

This coefficient is calculated according to Didion^s law of resistance, 
which, as before stated, is open to correction. However, within short 
distances it may be assumed as correct. 


■■I.' 

Table giving the value of the Ballistic coefficmit C for English projectiles. 


SMOOTH BOEES. 


Ordnance, 

Projectile. 

■ 

Yalue 
of C 
in feet. 

Eemarks. 

Hature. 

Mean weight 
including bursting 
charge, fuze, &c. 

Mean 

diameter. 

68-pr. 

S2-pr 

24-pr 

18-pr 

12-pr 

9-pr 

6-pr 

68.pr. ...) 



32 -pr. 

24-pr. ... 7 

5i-in 5 

18-pr 

12-pr. ...| 

8-iii... ....... 

32.pr 

24-pr. ...... 

18-pr. ...... 

12-pr 

0-pr 

6-pr* 

Shot 

3't 

JJ 

■■ « 

Com. shell 

9> 

fi 

3i ' ! 

f> i 

99 

Diaphragm 

sheU 

f» 

99' ■ 

99 

99 

99 

99 

lbs. 

66-520 

31*375 

23*600 

17*687 

12*625 

9*370 

6*245 

92*625 

49*875 

24*312 

17*500 

13*125 

9*000 

60*760 

28*760 

20-875 

15*876 

10*376 

8*060 ' 
6*126 , 

in. 

7*91 

6*17 

6*60 

6*09 

4*62 

4*10 

3*57 

9*84 

7*86 

6*17 

5*69 

6*09 

.4*46 ^ 

7*91 

6-17 

6*69 

5*09 
4*46 , 
4*08 
3*66 

6870*0 

4569*0 

4154*3 

3784*6 

3425*7 

3090*1 

2716*4 

5303*2 

4475*5' 

3640*4 

: 3099*1 
' 2808*4 

2616*0 1 

6382*6 ' 
4186*6 
3696*8 
3396*8 
2898*6 
2684*2 
2241*8 

The Talues of C have been 
calculated from the formula 

1 P , 

q = 32*1908 ft., 

A=- 0*0005X37, 
3*1415926, 

2P = diameter of shot, 

P = weight of shot. 

If projectiles differ much 
in weight from the w'eights 
giTen the Tables, it will 

be sufficient to multiply O 
by the ratio of the weights. 

P^ 

If the diameter differs in 
the inverse ratio of the 
squares. 


^ THs is notmatliematically correct, bat tbe error is so very minute that practically tbe computed 
Telocity may be assumed to be that at the middle of the dist^ce between the two targets. 
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XX. 

Table giving iJie value of the Ballutie coefficient C for rifled Projectiles, 


Projectile. 

Kature. 

Mean 

mttei. 


Ihs. ins. 

, Shot 

111*60 7*00 

Shell 

103*80 

Shot 

1 41*50 4*75 

Si ' 

21*20 3*75 : 

S. Shell 

11*75 3*00 : 


9*25 3*00 

Shot 

6*25 2*50 


Eemarks.; 


from the formula 


2g 

//=32'1908, 

^=0‘0003425, 

7r=3-1416926, 

212= diameter of shot, 
P= weight of shot. 


from the weights given in the Table, it 
will be sufficient to multiply 0 by the 


C':=0S\ 


ratio of the squares, 


XXCI.VU ucoii x^u ii, aparc^ ana me distance 
6om the muzzle to the first target 30 ft., the point a? wiU be situated at 
9U leet irom tne muzzle. 

In the example chosen, the velocity at this point will be 1120-4 ft. the 
gun being the 11 0-pr. Armstrong. ’ 

the Table for the value of f?, it is found, viz. 18938-4, which 
mnltiplied by 2^ equals 37876*8. 

Tlie equation then becomes 

, 1427 , 1427^ 

: Tmi ~ r + T" 

- 90 ■ : : ; 




37876:8 =0-002376. 


1120-4 

2-27365 




Hie vdue of ^xxme is obtained by developing the series, 

' «*'= 1 + 4- -£i 4. 4. ji,. 




. 1 -L 0‘002 376 , 0-0023762 , 0-0023763 

’ 1 T~v + -i n „ - -f &c. 


1 ■ ~in~ + “T 7 o~ + 

= 1 + 0-002376 + 0-000002823 + 0-000000002 + &c 
b taa term the b. srfd, ne^lectd, and we tod ' 




2-27365 


1-0028788, 




167 


!tHE BOYAL AETILLEKY IirSTITOTIO]?. 

1-0023788 

1-0023788 ==MI2L^00!M!. 

14S7 X 1 *0023788 
1*2712712 
. 1125*2. 

That is to say, in passing over the first 90 ft. of air, the 110-pr. solid 
shot loses 4-5 ft. of the velocity with which it started. Of course the 
truth of this theorem depends almost entirely upon the value given to the 
ballistic coefficient C, and this latter depends upon the value of the constants 
A and f. I have taken these constants according to Didiotfs law of the 
resistance, which perhaps is still capable of correction;* however, at present, 
it is the best and most accurate law we know, and at short distances, the 
results obtained by it naay be considered correct. 

IIL 


Table shewing the Times corresponding to the Ares for Instrument No, 82, 
the time of a small Oscillation being =? 0*3387 seconds. 


Arc. 

Total 

Duration. 

Partial 

I Duration. 

t 

Arc. 

Total 

1 Duration. 

Partial 

Duration. 

Ai‘C. 

Total 

Duration. 

Partial | 
Duration. 

o 

30 

*112397 

•001945 

o 

65 

•171342 

•001536 

o 

100 

•225546 

•001633 

31 

•114342 

•001919 

66 

•172870 

*001533 

101 

•227179 

•001643 

32 

*116261 

•001895 

67 

•174413 

•001531 

102 

•228823 

•001653 

33 

•118156 

•001872 

68 

•175944 

•301529 

103 

•230476 

•001664 

M 

•120028 

•001851 

69 

•177474 

•001527 

104 

•232141 

•001676 

35 

•121879 

•001830 

70 

•179002 

•001625 

105 

•233817 

•001688 

36 

•123710 

•001811 

71 

•180527 

•001524 

106 

•235506 

*001701 

37 

•125521 

*001793 

72 

•182052 

•001523 

107 

•237207 

•001714 

: 38 

*127314 

•001775 

73 

•138576 

•001522 

108 

•238922 

•001728 

, 39 

•129090 

•001759 

74 

•186098 

*001622 

109 

•240650 

•001743 

40 

*130849 

•001743 

75 

•186621 

•001522 

110 

•242393 

•001759 

41 

•132592 

•001728 

76 

•1881441 

•001522 

111 

*244153 

•001775 

42 

•13432X 

•001714 

77 

•189667 

•001523 

112 

•245928 

.001793 

43 

*136035 

•001701 

78 

•191190 

•001624 

113 

•247721 

•001811 

44 

•137737 

•001688 

79 

•192715 

•001525 

114 

•249533 

•001830 

45 

•139425 

•001676 , 

80 

•194241 

•001527 

115 

•251363 

•001851 

46 

•141102 

•001664 

81 

*196768 

•001529 

116 

•253214 

' *001872 

47 

•142766 , 

•001653 i 

82 

-197298 

•001631 

117 , 

•255086 

•001895 

48 

•144420 

•001643 

83 

•198830 

•001533 

118 

•256981 

•001919 

49 

•146063 1 

•001633 

84 

•200364 ' 

‘001536 

119 

•258901 

•001946 

50 

•147697 

•001624 

85 

*201900 

•001540 

120 

! *260846 

•001972 

51 

•14^321 

•001615 

86 

•203441 

•001543 

121 

•262818 

•001999 

52 ' 

•150937 

*001607 

87 

•204985 

! *001547 

122 

•264818 

•002030 

63 

I •162644 

•001599 

88 

•206537 

•001651 

123 

•266849 

•002062 

64 

' *164144 

•001592 

89 

' *208084 

•001666 

; 124 

•268912 

•002097 

55 

•155737 

•001585 

60 

“209641 

•001561 

125 

•271009 

■002134 

66 

•157322 

•001678 

91 

•211202 

•001566 

126 

•273144 

•002173 

57 

•158901 

•001572 

92 

■212769 

•001572 

127 

•275318 

•002216 

58 

•160473 

•001566 

93 

•214342 

•001678 

128 

•277534 

•002261 

69 

*162040 

•001561 

94 

•215920 

*001585 

129 

•279795 

•002310 

60 

'163602 

•001566 

95 

•217606 

•001592 

130 

*282106 

•002363 

61 

•165168 

•001551 

96 

•219098 

•001599 

131 

•284469 

•002421 

62 

■166710 

•001547 

97 

•220698 

•001607 

132 

•286891 

•002484 


•168258 

•001543 

98 

•222306 

•001615 

133 



1 64 f 

•169201 

*001540 

99 

•223921 

•001624 





Experiments are being made, wilder the directions of tke OKlnance Select Committee, to deter- 
s^e tbe laws of the resistance of tiie air to the motion of projectiles; and up to the present 
time there is reason to believe that General mdion'^s coefficients are nearly correct for rifieprojectiies, 
but that they are too smaU for spherical shot of large calibre. " ,,, , , , 

[voL. 111.] , - ir , 


2*27365 = 
2**27365 — 
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THE FOLLOWIKG- EXPEEIMEOT TOOK PLACE AT SHOEBD-EA^HESS, 01 ^ THE 
16 th and 25 th SEPTEMBER, 1862, IN ORDER TO TEST THE PENETRATING 
POWER OF THE HORSEFALL GUN * 


Weiglit of gim, 24 tons 3 qrs. 2 lbs. 2*21 oz. Diameter of bore, 13*014'''. Windage, f *2. 


The target (10^ x 12^) was of the Warrior construction, without a 
porthole. The plates, which were tongued and grooved, and which had 
been manufactured at the Parkhead forge, were of the following dimensions, 
viz.: upper one 12' x 3' x 4*5'^; centre one 12' x 3' 8" x 4*5''; lower one 
12' X 3' 4" X 4*5". 

Eange, 200 yds. Charge, 74*40 lbs. Solid cast-iron shot, weight 
279*50 lbs. Initial velocity 1631 ft. 

Struck the centre plate about 1' from the top and 5' from the left side. 
The shot completely penetrated the target, making an irregular hole in the 
armour-plate 2' 1*5" x 2' 4", and breaking off 1' of the tongue at the top of 
the plate; a large crack *7'^ wide extended from the bottom of the hole to 
the bottom of the plate; also three narrow cracks, one 8" long running 
from the large one, pai'allel to the circumference of the hole, the other twD 
radiating from the hole, at a distance of 1' and 1*5' from the large one, the 
latter being 15" long and running into a bolt-bole. Three bolts had 
started in the centre plate, two of them *6" and one *2". Four bolts in the 
upper plate and one in the lower plate also started. The upper plate was 
forced up *4" for a quarter its length from the left side. There was no 
budding of tbe plate. At the back, portions of shot and plate were buried 
deeply into a timber bulkhead three feet in rear ; five bolt-heads broken off; 
two ribs broken completely through, one being driven out, and 2' 4" of the 
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On the gun being cleaned and examined, it was found that 

one of the flaws which existed in the bore of the gun previous to this 
experiment had slightly increased. 

September 25th. 

Range 800 yds. Charge 74*40 lbs. Solid cast-iron shot * mean weight 
284 lbs. 18 oz. Velocity at 780 yards 1299*2, 

The same target was used as on the 16 th of September. 

New shot were made for this experinaent, whereby the windage was 
reduced to -1805. 

1st round. Missed the target; the shot struck the masonry some yards 
to the left. Elevation 5 7h 

2iid round. Elevation 1®. The shot grazed 17 yds. 1 ft. in front of the 
target, which it struck at the junction of the middle and lower plates 8' 
froiii the right side, making an irregular hole 2^ x 1^ 11^'' in the armour- 
plate ; the shot broke up and was buried in the backing, the depth from the 
snrface of the plate to the broken shot being V; the lower plate was forced 
down I'S'' from the hole to the right side, and the centre plate had started 
to the front 1*2'^ at the bottom, between the hole now made and the one 
made at the last experiment; cracks already on the plate much opened, and 
several new ones (one being T 9" long) made on the centre plate. At the 
back two ribs broken completely through, one being driven in 4'^ and a 
length of 2' of the other doubled back, and resting on the ground ; the skin 
considerably bulged out and opened at the joint, but not cracked ; four 
bolts and one rivet driven out some inches, and three bolt-heads broken off. 
No buckling of the plate. 

8rd round. Elevation 1° 5'. Missed the target and penetrated the 
backing of the old Warrior” target some yards to the right; did great 
havoc on brickwmrk, wood supports, &c, in the rear, some large pieces of 
wood being picked up 60 yds. in rear. 

4th round. Elevation 2^ The shot struck the left top corner of the 
upper plate, and broke off a piece of plate measuring 2^ horizontally x 1' 
vertically ; no cracks on the plate ; one bolt driven out, and one started 
2*5." The backing and skin at the top of the target very much shaken. 
The skin forced back 8" (in the greatest depth) for a length of 4', and the 
damage extended down the target for b' from the top ; the front baulks of 
the backing forced out for a depth of 2* from the top, and three of the 
rear baulks much splintered. The outer rib broken through vertically for a 
length of 2' 6" from the top, and doubled up 4", only now measuring 6'' in 
'depth. ■ 

No increase in the flaws in the gun after this day^s firing. 


One round of solid cast-iron shot was fired from a 68-pr. 95 cwt. gun, at 
200 yds. range, at the left side of the lower plate, to test the quality of the 
metal, and made an indent of 4*05''; two large and two small cracks on the 
face of the indent, and large cracks on the plate parallel to the circum- 
ference of the indent, and 5" below it, extending upwards for 1' on each 
side. The iron was very brittle, irregular, and largely crystalline, and 
seemed unfit for armour plates. 


* These shot haU been. asDiiealed and were Tery tough. 
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The folloiring Experiment was carried on to test the penetrating power of 

and farther to ascertain whether Shell could be 


12 -pf. 
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jj 6^ P» ... ", J 

47^ 6'E.1278i 
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THE HOTAl lETHLEET INSTITETIOK. 


WhitwortJi Projectiles fired from a 12-pr., a 70-pr., and a l20-pr. gun; 
made to explode after penetrating Iron Plates. 


* 

Bemarks. 


> One round was fired witk solid cast-iron skot to obtain the range, and the shot and shell used in the experiment 
were made of homogeneous metal, hardened and tempered. The firing (with solid shot) was at a S’o''' plate, 
without backing, secured to a wooden frame; and with the shell at a 2" plate backed by 13" of wood; 
the dimensions of the plates were 4 ' 3" x 3' x 2 ‘ 6 ", and 5 "' 6 " x 2 ' Q” x 2 ". IS'o fuze was used with the shell. 

1. Passed through the plate and fell 20 yds. to the rear. A clean hole in front 3*2" x3T'', and at the hack the 
diameter of the hole was 6*5" x 6", the plate being broken for about 1" round the edge of the hole, and 
piped out about 1*5" in the centre. The shot set up *5". 


2. Passed through the plate and backing, making a clean hole in the plate of 3'P'x3" diameter, 
however, no trace of the shell having burst. 


There was. 


3. Passed through the plate and backing, making a clean hole 3*4" x 3*1", and shell burst after passing through 
the backing. 


1. This gun was fired at a box-target made of 4" wood, with a 4" armour-plate (made at the Thames Iron 
works) in front backed by 9" of wood, and a 2" armour-plate in the rear (made at Portsmouth Dockyard) 
as a guard plate, the interior space of the box being 36^' x 40". One round mth solid cast-iron shot was 
♦ fired in order to get the range ; it passed through a thin wooden target, and struck a damaged 5*5" plate 
(one belonging to the “ Minotaur ” target} and broke it in two. The first shell fired penetrated into the 
box-target, making a hole in the 4" armour-plate 5*6" x 5*4", and exploded on the rear plate, blowing out 
the sides oic the box, and forcing the front and rear plates outwards. The rear plate was deeply indented 
(viz. 2*6") but not penetrated. The shell broke into large pieces. 


. September 2ofch. 

i Trial shots for range fired at a wooden target 9'x 9', indicating great precision in ISTo. 2 and 3 shots striking 
within a short distance of each other. 


4. Pired at the ** Warrior” target; struck the centre plate 2*5' from the left and I'o' from the top, made a clean 
hole in the plate 8" x 8*5", the edge of the hole being 1' 8" from the one made by the first shot from the 
V Horsfall gun ; a narrow crack from one hole to the other ; the shot remained in the hole, having struck on 
a rib, the depth of the hole to the bottom of the shot being 13*6"; no bulge on the plate; one bolt in the 
centre plate started *4", and two bolts started in the upper plate. The centre plate had started out *3" at 
the top, and *1" at the bottom on the left side. At the back, one rib which had been cracked bj a shot 
from the Horsfall gun was broken through, bulged out, and a length of 1' 6" of it nearly detached ; the 
wood backing splintered and broken ; the slcin opened about 1*6" at the joint, and some additional bolt- 
heads broken off. 

6. Struck the centre plate V from the bottom and 1'4'5" from the right side; penetrated the target, making 
a hole 8*5" x 7*6" in the plate, and burst in passing through the backing ; two cracks on the plate, tiz., one 
from the bottom of the bole to the bottom of the plate, and the other from a bolt-hole (1' from impact) to 
i the bottom of the plate ; two bolts in the centre plate started *6", and one in the lower plate *2". At the 

back the diameter of the hole was 13", and portions of the shell, and the piece of iron punched out of the 
plate, were picked up inside the target ; some old oakum on the ground was on fire ; three bolt-heads 
and one rivet-head broken off just above the hole ; the skin not injured except where penetrated; the outer 
rib was broken through for a length of 4*6", The timber backing much shattered, and 4^*1^011 out at the 
side 7". The shell burst into about fourteen pieces. 
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Opinion of the Commitiee, 

The experimeBt with the Horsfall guB^ which was to test the endurance 
of this piece of ordnance, shows that solid wrought-irou guns of great size 
may be manufactured capable of bearing large charges of gunpowder ; 
although this gun had several flaws in the breech, one 13-in, deep, as before 
described, yet these flaws liave been very slightly altered by the firing. 

The smavshing effect of a spherical shot of 280 lbs. weight, fired with a 
charge of 74 lbs. of powder, was what might have been anticipated, and the 
accuracy of the gun was as good as that of any well-made smooth-bore piece 
of ordnance. 

The experiments with the Whitworth guns were extremely satisfactory. 

The 12 lbs, solid shot, fired with a charge of 1 lb. 14 oz., at a range of 
200 yds., penetrated a 2|-in. WTOught-iron plate, and remained nnbroken. 

A shell, with a bursting charge of 6 oz., was next fired from the 12-pr. 
gun, with the same charge and at the same range, at 2 -in. of wrought-iron 
backed by 12-m. of w^ood; it passed completely through the target, buried 
itself in the sand-hill in the rear, and has since been dug up, when it was 
found not to have burst. 

The charge was then reduced to 1 lb. 12 oz., and one fold of the flannel 
covering the bursting charge taken off, and the second shell passed through 
the target and hurst in the rear. 

The 7 0-pr. "Whitworth gun was next fired at 200 yds. range. A shell from 
this gun, weighing 68 lbs. 7 oz., with a bursting charge of 2 lbs. 6 oz., w^as 
fired vdth 12ibs. of powder at an iron case presenting a front of 7 ft. x 4 ft., 
covered vith a 4-in. wTOught-iron plate on a hacking of 9-iii. of wood, the 
rear of the box consisting of 4 m. of wood covering a 2-in. iron plate. 
The shell passed unbroken through the 4-in. plate, the 9-m. of wood and 
the 4-in. of wood, indented and cracked the 2-in. plate, and then burst, 
shattering the box into fragments. 

The 120-pr. Whitworth gun was fired from a 600 yds. range, at a target 
representing the side of the Warrior A solid shot weighing 129 lbs., 
and fired with a charge of 23 lbs. of powder, penetrated the armour-plate 
and wood hacking, and fractured, but did not pass through, the skin. 

A shell weighing 130 lbs., with a bursting charge of 3 ibs. 8 oz., was fired 
with a 25 lb. charge at the same target. It penetrated the armour plate, 
and burst while passing through the wood backing, injuring and penetrating 
the skin in a line with the axis of the shell. 

It must be remarked also that these projectiles, though flat-ended, were 
fired with great accuracy, and were much truer in their flight than any flat- 
ended projectile which the Committee have hitherto seen fired. 

The results above recorded were obtained partly by using a larger charge of 
powder in proportion to the weight of the projectile than has hitherto been 
used in any rifled ordnance ; but the great merit due to Mr Whitworth on 
this occasion seems to be in the successful manufacture of a metal possessing 
such hardness and temper as to be capable of penetrating wrought-iron 
plates, yet at the same time so tough as not to crush or break on striking 
the target. On no previous occasion have the Committee seen a shell of any 
description penetrate more thanone inchof iron without breaking up on impact, 
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nor liave they seen cast-iron or steel shot fired through more than two inches 
of iron without the shot itself being broken by the blow ; wrought-iron shot 
have been fired through plates as thicks but though unbroken tliey have been 
crushed and distorted by the impact. 

The Committee cannot conclude this report without commenting on the 
very inferior character of the 4|-in. plates of which this Warrior target 
was composed. They were from Parkhead forge, near Glasgow, and are 
said to be of the number of those made for the Black Prince/'* They 
were very brittle, and not sufBciently worked; and the measure of their 
inferiority may be recorded by stating that, with the service smooth-bore 
68-pr. at 200 yds. and 16 lbs. of powder, the effect upon the old Warrior 
target, and upon other good 4|-in. plates, was an indentation of about 
2*5 in. ; whereas the same test upon this target produced an indentation of 
4*05, with considerable damage in tlie vicinity of the blow. The Com- 
mittee deem it right to state that they believe the experiment with the 
Whitworth gun here recorded should be repeated, with as little delay as 
possible, on a target constructed of more satislactory material. 

The Committee would further recommend that the Whitworth solid shot 
and shell should be tried at an angular target, in order to ascertain the 
efiect of homogeneous projectiles on plates placed at different angles to the 
horizon*' 
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THE FOLLOWING* EXPEBIMES'T . WAS CAEEIED OF AT SHOEBEEYFESS,. OF 
THE 13th FOTEMBEE, 1862, WITH WHITWOETH PEOJECTILES, FIEEP 
FEOM THE SAME GHFS AS THOSE HSED PEEIFG THE EXPEEIMEFTS 
OF THE 16is AFP 25Ttt SEPTEMBEE, 1862. 


[CONTirBUTEB BY CAPTAIH E. J. BEUCE, E.A.] 

A box target;, measEring 12' x 9'" , 6" .and ' having an interior space of 
10' X 6', was constructed for the experiment, and was composed of three 
armour-plates; the upper one, which w^as 4‘5'' thick, had been used in the 
original ^^AYarrior^^ target, and the centre one and lower one (each 
5'' thick), were taken from Mr. .■■SamudaAs^ target. The thickness of the 
backing and skin was the same asin-'the^^'^'YFarrior^^ target. 
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Eemarks. 


... .1 1 28'''jii7o^Strack, tbe .md(neplate 4' 4^^ 

,,/j I tbe, right. side and 6*5'^ from tbe 
bottom, punched a hole in the 
plate' ■7-o" X B "; ' started three.bolts 
m ' the 'lower row V ' ' each,: and' nar- 
row 'cracks extended from .two ■'■'of 
these boit-hoies to the bottom of 

the plate ; one bolt in the top row 
: of , the ' low^er p.late Was also slightly'' 
started." .■ ' " ■ The '''plate ..was" driven in 
below the hole f of an ineh for a 
" 'length'' of . 1.2" ,' At 'the. to.p'''of '''.the 
target three of the fiiiing-in pieces 
were blown out. The damage on 
the inside was as follows, viz.—a 

: 'large irregul'ar'hole, ".'.inner '^diameter 

ICf '' skin ' : of "ship ,' bent . ', 'out, '..with''. 

'..'tagged', .rent,.:'., sticking '',.",'''o.ut,''."' 'I'G."' - 

;' general"'', bulge, ' '"diatribnted^ over '' 'a'' 
,' 'Surface . of 8^'5".'x 3''6'" '''': '' . . . ' ' .... ..'j 

.,' ,'The.sh'ell.ev.identl.y'burst'betweeh'i 

the front plate and the skin, ie,, in I 
the wooden backing ; the base and 
pme.' pieces', of: the,' 'S'heil . blp,wn.'''Ou"t': 
in front of the target. Injury by 
fragments of the burst shell or 
splinters in the chamber (or inte- 
'riot'pf 'the tar'get) not'.serious.' '"' .'AJ 
vertical rib was broken right 
,'.''thro.ugh, '' .and. bent '" back..' "''' ''v One.''' of ' 
.:.''.the' bolt-heads ':,:brok'en' .off '.was:.'4',6"i 
.t .. .. ...,f . .. , . ., .f . . } |. j - ' ) . I .from point struck. .. .'i 

The shell broke into fourteen large and nine small pieces ; the following fragments of iron were 
picked up msme the target, viz.— eight large and ten small holt-heads, eight rivets, three pieces of 
angW' moa, md 'eight el mdiufctg one lar ge piece punched out. ' ' 


* Muzzk-loading rifled gun. f Honwgeneous metal. | Cylindrical flat-ended. 


Katiire of ordnance 
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Eemarfc®.. 


151 i€.F.120-5'i 27 I 5 0 ll Mj 800 2^L 28"' 1180 Struck tke top plate 2' from tke 

right side and 7-5" from the bot- 
tom, nearly in line with one of the 
ribs, ptincmng out a piece of plate 
7*75" diameter; the hole was 
stopped up with splinters of the 
hacking ; three bolts in the lower 
row, one in the centre, and two in 
the upper row of this plate were 
started from *75" to 1" (one of the 
bolts which had started in the 
lower TOW was at a distance of 
from the point of impact), and the 
plate had started out tiom the 
backing 1*25" on the right side ; at 
the top the front baulk of the tim- 
ber hacking was blown' out;' for a;i 
length of 2V and the skin was I 
driven hack *875 of an inch for | 
the same length. At the back 
a large irregular breakage^ of 
inner skin ; a piece of shell stick- 
ing in the hole shutting out day- 
light till removed. Inner diamefer 
of hole about 10"; wood backing 
closed up considerably on path of 
shot; one rib broken and driven 
j i } out, together with rent skin, about 

1'; general bulge over a surface of 
I I ! 4'x4j'. 

The shell exploded furtherforward thistimejhlackening the side of chamber and roof (corresponding 
to upper deck ") with bursting charge, and had evidently been diverted by striking in the line of 
the rib. Many (46) pieces of shell and inner skin of ship scattered about the interior. One piece 
of the former sticking in ** upper deck," fragments had struck in every direction, in this instance, 
as far laterally as they could go (about 5' 6"). The butt of the shell remained in the hole and was 
taken out from the front. 

The shell broke into thirteen large and six small pieces ; fragments picked up inside : — six large 
and six small bolt-heads, seven rivets, three washers, and five pieces of plate and skin, including the 
large piece punched out. 

130 „ 17*" „ ... 1 5 „ nil. 2*3 7* „ 1227 Struck the centre plate 6' from the 

right side and 6" from the top, 
partly on a bolt, making an indent 
of 2*3", and forcing in the plate 
at the top side for a length of 6", 
to a depth of 3" at the deepest 
point; a crack 11" long extended 
from the top of the plate through 
a bolt-hole at a point 1' 2" from 
impact, also a crack 8" long from 
the top of the plate, through a 
bolt-hole, at a distance of 

from impact ; the plate buckled *6" at the right side ; the shot broke up. At the bank : — one 
vertical rib broken and one angle iron cracked- Six bolt and rivet heads broken off, at distances 
from point struck varying from 6" to 4". 

The shell broke into seven large piec^ and a great many very small ones ; fragments ; — three large 
and three small bolt-heads, one rivet, two pieces of skin, and one piece of rib,. 


■ § HoHow cast-iron shot. 

0*'', , , 



[yol. iti.] 


§ HoEow caat-iron shot. 
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Eemarks. 


Struck the centre plate and punclied 
I a hole S"x7’o'^; the hole was 
stopped up with portions of plate 


and splinters of wood backing. N o 
damage at top of the target ; at 
the bat'k a large irregular hole 14'^' 
in diameter, skin forced out 9^' to, 
' ■ ■ ■ ■ , rear* ■{ 

The whole shell apparently, front and base, passed through in fragments, and apparently hurst 
just as it broke the skin, as the hole itself was scarcely charred, and the upper deck/" above w'here, 
the shell entered the ship’s side, was blackened with powder. I 

The shell broke into nine large and ten small pieces ; fragments : — two large and ten small bolt- 
heads, seven rivets, five pieces of skin, a large piece of the plate punched out (broken in half), and 
a great many small pieces of plate. 


29*5 „ 14'" „ ... 1 3 „ ,3 „ 1204 Struck the middle plate near round 

No. 1, penetrated the target, mak- 
ing a clean hole 8'''’x8*d''^ in the 
plate j the hole filled with broken 
pieces of plate j at the back the 
shot had penetrated close to the 
hole made by round No. 1, and the 
skin was now” broken away for a 
space of X 1^5' ,• two former broken ribs driven out and bent back at considerable angle; 
and fibres of wooden backing and skin protruding 1' 5", Shot set up 2^^ 

The following fragments of iron were picked up inside the target, viz. — one large and three small 
bolt-heads, three rivets, three pieces of skin, one washer and twenty- tour pieces of plate, including 
a large piece punched out. 

Vel. at 

. . ■ ■ . ■ ■ ■■ 680yds., ■ ■ ' . ■" 

81 „ 19'^' 13 3 12 1 7 609 'nil ... ... 9" 1107 Struck the upper plate 13'' from the 

top and 3' fx’om the side ; made a 
hole 6"x5*5" and burst in the 
backing; a crack extended from 
the top of the hole to the top of 


the plate; one through bolt in the 
top row broken; at the top, tlie 
front baulks of the wood backing 
were blown out for a length of 1', and a depth of 13" from the top, and the rear baulks were blowm 
out for a length of 5' and a depth of 10'(. The lower half of the shell and the piece of plate 
punched out were resting against the skin which was not penetrated; on the inside only one 
holt-head broken ofT. The shell broke into ten pieces. 


1104’Struck the target at the junction of 


the lower and centre plates ; burst 
outside the target, punching a hole 
in the plate 4'3o" deep; two bolts, 
one on each side of the hole, start- 
ed *5"; a crack extended from a 
bolt-hole in the centre plate to the 
bottom of the plate, also a crack 
6" long parallel to the circum- 
ference of the hole, and 1*5" below 
it. No damage visible on the in- 1 
side of the target. j 

The shell broke into two pieces. 


I Cyhndrical flat-ended. 


t Homogeneous metal. 

§ Solid shot, homogeneous metal. 
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... lbs. 02 , " 

[ 72-5 c. s. 18-" 13 2 10 1° 600 nil. ... ... 0" 1148 Struck the top plate 5 " from tbe 

I side and 6'5^' from tbe bottom, and 

burst in tbe backing*, wideb. it 
penetrated to a depth of 11"; a 
large part of the shell remained in 
the rear baulk of the backing; a 
length of 3' of the front baulks 
very much damaged,’ I' of it being blown out for a depth of 2 * from the top, and 3" in thickness of 
the remaining 2' blown out for the same depth ; the rear baulk was forced up 3" for a length 
of 2'6" ; two bolts in the lower row started respectively 1" and *5"; a crack from a bolt-hole to 
the bottom of the plate at 10" from the point of impact, also a crack 2" long immediately under 
the hole made by round hfo. 5 ; plate started out 1'25" on the right side, being now 2'o" from 
the backing ; the butt of the shell was picked up 130 yds. in front of the target. ISfo damage visible 
on the inside. . . ■ . . ' i 

The shell broke into fifteen pieces; fragments two pieces of plate (one punched out>. 

09*14 „ „ „ Blind 59' „ i „ 1*55 6* ... 1146 Struck the centre plate 6" from the , 

i top and 2' 8*5" from the right side ; 

the top of the plate driven in 4" 

I for a length of *8"; a crack 8" long 

j extended from the top of the 

; plate through a bolt-hole; no 

damage visible inside. 

The shot broke into seven large 
pieces and tw*enty-four small. 

12* „ 7*5" If ... 6' 200 „ *85 ... Fired at 2*5" ;^lates (unbacked) at an 

angle of 45°. Plate starred at the 
rear, with three narrow cracks 
about 1" long; the shot broke up. 

„ „ „ „ ... 8' „ ... *5 No damage at the rear; the shot 

■ broke up. ■. 

^12*4 ,j 8f" „ Blind 9' Struck the target 2*5" from the side, 

where the plate was supported on 
a framework of wood 8" thick; 
broke a hole in the plate and re- 
mained in it, projecting 7*5" on its 
upper and 4" on its under side, 
the timber baulk was smashed 
through for a length of 2'. The 
' 'shellsefe up *2"i 

' 12*1 „ 7*1" s, „ 8' Struck the plate 1' 5" from the side, 

and made a hole measuring 
5*3" X 3*3" in front, and 7*5"’ X 8" in 
rear; the shot bounded back, and 
was picked up 25 yds. in front of 
the target. Set up *2". 

12*2 „ „ „ „ „ Struck near the last round, and made 

a hole 4*9" x 3*1", and at the back the fracture had joined into that of last round, the hole now 
measuring 12" x 6*5" ; the shot penetrated, and fell at the foot of the target, and w'as set up *1". 


Breech-loading rified gun. 


'*§* Solid shot, cas^:-iron. 


September 8th. 

The following experiments were to try the value of millboard as a backing 
to armour-plates : — 

A piece of millboard 1' 3^' x 1' 8"5'' x 8'^' w^as secured in rear of an iron 
plate ‘9^^ thick, the millboard resting against a 2 plate backed by granite. 

The gun uscid was a 6-pr. Armstrong rifled gun^ with solid cast-iron shot . 
and service charge^ at 50 yds* range. ' . ’ ; - ' , '■ . 
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No, 1 round. — Struck tlie *9'^ plate at a spot above where it was backed 
by the millboard, made a clean hole £'9'' diameter through the plate, and 
the shot broke up. 

No. 2 round. — Struck the plate where backed; shot penetrated 3*9'^ and 
remained in the hole unbroken. The millboard was slightly forced out at 
the side, owing to its small area. 

No. 3 round. — Hit the plate at a spot below the top of the millboard ; 
two inches of the rear of the shot broke off, the remainder remained in the 
hole, having penetrated 2*5^' into the millboard. 

[A piece of teak 7*9'^ tliick was now put in rear of tke *9'^ plate, just above tbe millboard, 
and resting against the plate and granite backing. 

The 6*pr. Armstrong gun was used, at the same range.] 

No. 4 round. — ^The shot struck fair on the plate and wood, passed clean 
through both and remained whole in the wood, which was split in half. 
The shot penetrated to the plate. 

The penetration into the millboard of a flat-fronted shot weighing 5 J oz., 
fired from a wall-piece at 25 yds., with a charge of 10-drs., was 2*76". 

November 14th. 

A block of millboard,* measuring 4'*75^^ x 3' 1*5" x 1' 2*5" and weighing 
6cwt. 12^ lbs., was tested in comparison inth teak of the same weighty and 
measuring 4^*75^' X 3' 1*25'' X H 2"; each block was faced with a 1 -in. iron 
plate, the whole being secured at the sides by means of clamps, to avoid 
through bolting. 

The guns used were : — 

One 6-pr. Armstrong gun, at SOjda. 

„ i2-pr. „ „ at 100 yds. 

No. 1 round. — 6-pr. solid shot at millboard. Struck 1' 4'' from the top, 
and r 6'^ from the side ; penetrated 3^*^ into the millboard, the shot 
remaining unbroken. The plate buckled *95" over a space measuring 

No. 2 round. — 6-pr. solid shot at teak. Struck V 3^^ from the top, shot 
penetrated completely and broke np ; the baulk of timber on which it struck 
was cracked through its thickness; very slight buckle of plate. 

No. 3 round. — 12-pr. solid shot at millboard. Struck the plate 1' 2^^ 
from the top, and penetrated to a depth of V 7^^, being 3^' into some wood 
in rear; left a clean hole through the millboard of 

No. 4 round. — 12-pr. solid shot at teak. Struck at from the top 
of tbe plate ; made a hole 3*3'^ diameter, and penetrated the wood, which 
was split through its thickness at the top ; the hole closed up. ' 

No, 5 round. — 6-pr. solid shot at millboard. Struck at 6*5^^ from the 
top, and penetrated the millboard to a depth of 2*65^^, the fore part of the 
shot remained in the hole, the remainder being broken off. The plate 
buckled *9^^ for a space of 14^' x 12'"^ 

No. 6 round. — 6-pr. solid shot at teak. Struck at from the top, and 
penetrated 6^' into the teak, the wood was split through, as in previous 
rounds; very slight buckling of plate. The shot did not break up. 


* This block of millboard was suppEod by' Mr Morris, of Glasgow, on his own proposal, but was 
not at all suited for the purpose int^iaed,, coiaristing merely of sheets of brown paper laid together 
and bound by hoops of iron, and whm latter were removed, the sheets of paper were foxmd 
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MAECH OF A HALF-BATTEEY (“0” BATTEET, 4ts BEI0AEE), EOYAL 
ARTILLEEY, FROM SAINT JOHN, NEW BRUNSWICK, TO THE TER- 
MINUS OF THE GRAND TRUNK RAILWAY, AT RIVIERE-DU-LOUP 
ON THE SAINT LAWRENCE. Feb. 6th to 16a?H, 1862. 


By Lieut. F. M. SMITH, E.A. 

In fclie commencement of 1862, three Batteries of Field Artillery 
were sent from St John, New Brunswick, to Riviere-du-Ioup, on the 
Saint Lawrence. Two of these, E and Batteries of the 4<th 
Brigade were sent the whole way across country, by half-batteries, 
witliout any difficulty ; and the following particulars relative to the 
transport of a half-battery have been collected with a view of showing 
how it was accomplished. The third battery, F of the same brigade, 
was sent from Sc John to St Andrews by .sea, thence by rail to Wood- 
stock, and thence across country to Kiviere-daJoup. 

G Battery, 4th Brigade, R. A., under the command of Alajor Embarca- 
D. E. Hoste, C.B., embarked at Liverpool on board the Hibernian'’ of 
on the 1st of January, 1862. The strength of the battery was 
officers, and 252 non-commissioned officers and men. The guns (12-pr. 
Armstrong), carriages, and equipment were supplied new, from the 
Royal Arsenal, Woolwich, and along with the battery were sent thirty 
sleighs, which had been constructed in the Arsenal,, intended for the 
transport of the battery in British North America. 

Before shipping the guns, the tangent-rings and sights, the handles 
of the breech screws, and the elevating screws were removed ; and a 
piece of soft wood fixed over the dispart and trunnion sights. The 
wheels and shafts were then taken off all the carriages, and the battery 
packed on board ship. 

The battery landed at St John, New Brunswick, on the 20th of Landing of 
January, 1862. The guns and equipment were landed the next day, 
placed on the sleds used in the town for heavy loads of any description, Sit N^ew 
and drawn up to the permanent barracks. Here the wheels and shafts Brumwick, 
tvere put on and the battery parked in the gun shed. The men were 
lodged in the Custom-house ; some of the large rooms in it having 
being converted into a temporary barrack. No day was fixed for the 
march of the battery up country for some time after landing, in con- 
sequence of the large bodies of troops waiting at St John to be sent 
forward. ' - - . ■ ^ , 

[tol. hi.] 
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English gQOjj after landings a board of officers assembled by order of Major- 
deSied!^^* General Rumley, eommaiidiiig at St Jolni^ to examine and report on 
the sleighs which had been sent from. Engkiub for the transport of the 
battery. These sleighs had been turned out at very short notice, by 
the Carriage Department of the Eoyal Arsenal. The board proceeded 
to examine them, and took the opinions of several persons well 
acquainted with the transport in the province, and came to the con- 
clusion that the sleighs were not only of no use, but that to employ 
them would be to destroy any road on which they were used. The 
principal objections against them were, — 
onaeirfaiilts. The shortness of bearing, and thickness of the ^‘'rnnners/^ their height; 

the bad position of the draught ; and the fact that the "" ninners w'ere 
constructed of a single piece, leaving no escape for the snow wdiich 
might be forced up between them. 

The experience acquired on the march proved that these objections 
were very well founded; for in the first place, no team of horses could 
have dragged them, with their clumsy ^kmniiers^^ shod with rough 
unpolislmd iroii, for any distance without soon becoming knocked up; 
and had they been, with great difficulty taken any distance into the 
interior of New Brunswick, they must have capsized continually, from 
the nature of the roads over which they had to travel. 

These sleighs having been condemned, it wns proposed by the 
Quarter-Master-GeneraFs department at St John, to call for tenders 
for the construction of new sleighs fur the transport of the battery, 
but this plan was abandoned. 

The next plan proposed w^as to issue advertisements for transport of 
the battery from one station to another along the line of march, it 
being intended that the guns and equipment should be transhipped 
from one set of sleighs to the other; but Lieut.-Colonel Turner, C.B., 
commanding 4th Brigade, wTote a letter (dated January 30tli), inti- 
mating that he considered such a plan w'ould be highly injurious to the 
guns, carriages, and equipment, so this plan was also abandoned. 
Mirty-six Finally an arrangement was made wuth three contractors to convey 
battery from St John to the Kiviere-du-loup, on thirty-six of 
for the con- fb® commoii farm sleds of the country ; and in two days the whole 
veymice of number required were ready. 

thii battery, qq^ese sleds were for the guns and equipment alone, the men being 
conveyed by separate contractors. 

Two of As soon as the plan was decided on, two of the sleds were packed 
paXa by ® ” Battery, one with a guii, pair of wheels, and pair of shafts ; 
the other with limber, boxes, &c., and submitted for inspection to 
Major-General Burnley, who approved of the plan of packing pro- 

^ ' posed. * 

^ Battery of the 4th Brigade, E.A., commanded by Captain 
or 9' "^^esey, having landed at St John on the 26th January, was put 
Bat- in order to proceed up country before Battery. Thirty-six sleds 
conveyance of this battery were ready on the 1st of February. 
The right and left half-batteries were packed on the 2nd and 3rd 
: February, respectively^ on the plan proposed by G Battery, and 

‘ / started for Biviere-dn-lonp on the 3rd and 4th February, 1862 . 
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Ou tlie 4th of the same mouthy 18 sleds were ready for the 

of Battery^ and the half-battery including harness and tery. 
stores of every kind^ was packed on the sleds in a day. In like manner 
the right-lialf-battery was packed on the otli; the ^"left-half started 
on the the right following the day after. 

Before attempting to describe the 'ivaj the various carriages were 
packed on the sleds, it will be necessary to give some description of the usedf^ ^ * 
nature and construction of the sleds furnished by the contractors. 

They were the common sleds of the country such as are used for farm 
purposes or for heavy loads of any description, and are w^ell adapted 
for the purpose for which they are used. They are drawn by a pair — 
or as it is called in tlie country — a span of horses, and can convey a 
load of nearly 2 tons in weight. They can be had in any numbers, 
so that as far as the mere transport of artillery is concerned, it appears 
very unnecessary to attempt to construct sleds in England, for use in 
Kew Brunswick or Canada. The inhabitants of these provinces are 
more likely to be able to furnish sleds such as will suit their own roads, 
and of which the draught will be easy, than any artificer, however 
skilled, can liope to do at home in England. 

These sleds vary in almost all their dimensions, except their width, Ail of the 
wdnch in New Brunswick never varies more than two or three inches, 

If a sled were constructed very much wider or narrower in the roads. 

runners’^ than usual, it is manifest that the runners would not 
run in tlie hardened snow track on each side of the central of the roads, 
but in the soft snow inside or outside it, increasing thus the weight of 
the draught immensely. The general width of the sleds used on the 
New Brunswick roads is 4 ft. 2 in. to 4 ft. 4 in. In Canada where the 
government can afford to send the snow-plough and roller over the 
roads, a greater latitude can be allowed. 

In the contracts entered into at St J ohn, no regulations whatever, 
as to dimensions were specified, only the common bench sleds of 
the country were called for. Hence many of the sleds varied in 
dimensions very considerably, but all with the exception of one, 
carried their loads through to Riviere-du-loup. This one was about 4^' 
further apart in the runners than all the others j and although the 
" shoes of the runners w^ere polished by long W' ear as smooth as 
possible, the team drawing it was knocked up and unable to go on, at 
the end of the third day^s march, and a fresh sled had to be provided 
and the load shifted. 

The principal parts of the common bench sled are, — Tarts of the 

(1) The ^^runners,^^ generally constructed of the black birch, and shod bench sleds, 
with iron or steel. In wild districts wdiereno iron or steel is to be had, 
the runners are sometimes constructed of beech alone without any shoes, 
and the wood of that tree being so smooth and hard, makes a tolera- 
ble substitute for iron-shod runners. The runners average in length 
eleven feet, and are generally five inches wide and about two thick. It 
is of great consequence that they be constructed of good, sound tim- 
ber, as they are liable to be split sometimes, in slews on the road, as 
will be afterwards expEined. Only those of the more finished sleds ' 
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are shod with steel, iron being the commoner material* The steel is 
mnch more expensive, but it has the great advantages of lasting much 
longer, and not hanging so much as iron when it comes in contact 
with a stone. 

It is indispensably necessary that the shoes of the runners, whether 
they be of iron or steel be polished before starting on a journey ^ this 
can readily be done by means of a piece of wood and some sand. If 
not polished before starting the rough metal takes a long time to wear 
smooth, and the draught is much heavier. 

(2) The ^"benches,^^ are four pieces which connect the runners together. 
They are arch-shaped, and are made of a single piece, Mg. 1. They 


are generally 9 in. in height, and 4 in. thick. Thus, the bed of the 
sleigh which rests on them is not more than 14 in. from the ground, 
offering a favourable contrast to those of the English made sleds which 
w’ere nearly three times the distance. 

There are two ways of fastening these benches to the runners, viz. 
by wooden pins, or by iron bolts. Both systems have their advantages. 
The pins, whether of wood or of iron are inserted into the runners, but 
do not pass through the benches j they fit into channels cut in their 
sides for them 

Mg. % shows the ends of the two benches connected together by 


MetiioA of 
fastening 
tile bencbes 
to tine 
**mnnars.” 


the (see p. 183), and also the general arrangement of the 

pins. If wooden pins are used, a wedge is driven into a split in 
the top of them, and the slight expansion caused by this, is all 
that there is to prevent the bed of the sleigh being lifted off the 
runners ; if iron pins are used there is a. nut on the top, which 
being screwed down keeps, everything in its place. At first sight it 
pins are better than the wood, but there is 
much to be said on both sides ; and the wooden ones seem generally 
preferred for this reason, that if the sled be subjected to any very 
severe slew/* (i^, if one side of the road shelves down to one side, 
and the sled sways suddenly down), the pins wiE break and the runners 
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be nuiiijurecb in which case the pins can be replaced in a very short 
space of time. But if iron pins are used, a severe slew will split the 
runners, rendering the sled totally unserviceable. Figs. 3 and 4 are 
imaginary representations of the effect of a slew upon wooden and iron 






pins. Fig. 3 showing the effect on a sled with wooden pins ; the 
pins having broken off, and the runners being detached and lying under 
the sled ; Fig. 4 exlhbiting the way in which the runner gets split 
vrhen iron pins are employed. 

An instance of fracture of the wooden pins of a sled took place on 
the march, exactly as represented in Fig. 4; the pins w'ere replaced and 
the sled ready to continue its journey in about 20 minutes. 



These benches ” are only employed for sleds intended to do slow, Frame 
heavy, work; other sleds generally have "frames instead; that is to 
say, they have a "frame^^ constructed of several pieces mortised together, 
instead of a single solid bench. Sleds so fitted are called " frame-sleds,^^ 
and are more durable and more expensive than common bench sleds, 

A common bench sled shod with iron costs about £5 sterling, in New 
Brunswick ; a frame-sled, shod with iron about £10 ; and a frame-sled 
shod with steel about £20. 

(3) The " raves are two long pieces, extending the whole length The 
of the sled, connecting the benches together, and between which the 
bed or floor of the sled, consisting of planks is placed. 

(4) The tongue or pole. “pole' 

or“tODgue. 

(5) The sky-piece, is a curved piece of wood connecting the front The “sky- 
end of the runners together. Fig. 5, p. 184 show’-s the tongue, sky- 

piece, and method of attaching the draught, I-aught. 

Sleds such as above described, are supposed to be able to carry loads Weight* 
of 2 tons weight, and are drawn by a pair of horses. 

As the journey to be performed by the half-battery was to be a very 
long one, an agreement was made with the contractors who furnished 
the sleds, that none of the battery loads was to exceed 1 ton in weight ; 
and it was calculated that eighteen sleds could convey the half-battery, 
with harness, equipment, and evei^thing complete. 
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Stores used 
in packing 
the battery. 


^ Before tlie packing of the battery vas commenced, a few lessons in 
simple lashing were ^ven to the non-commissioned officers. 

For the packing of the battery a large supply of the- following stores 
was demanded and supplied, viz., 
lumber 4". 

Kope, white, and V. 

Hope, tarred, 

The tarred rope was found to he so stiff from the intense cold, that it 
was almost useless. 

Previous to commencing the packing a certain amount of arrange- 
ment had to be made, in order that none of the loads should exceed 
1 ton in weight. Consequently the load that each sled had to carry 
was arranged beforehand, so that the whole packing, was done in a 
single day without any trouble or confusion. 

The following is a h'st of the loads of the eighteen sleds : — 


No. 1. 


No. 2, 
No. 3. 
No. 4. 


No. 5. 


No. 6. 
No. 7. 
No. 8. 
No. 9. 


Gun on carriage (wheels removed), pair of shafts, drag- 
ropes, &c. 

Gun on carriage, pair of shafts, tents, &c. 

Gun on carriage, pair of shafts, drag-ropes, small stores, &c. 

One limber body, and two limber boxes, pair of shafts, 
2 pair of wheels. 

One limber body, four limber boxes, pair of wheels, wheelers’ 
tools. 

One limber body, four limber boxes, pair of wheels. 

Wagon body with four boxes, pair of wheels, spare perch. 

Wagon body with four boxes, pair of wheels. 

Wagon body with four boxes, two limber boxes, pair of 
wheels. 


No. 10. One limber body and two boxes; one limber body, three 
wheels. 


No. 11. One limber body and boxes ; one limber bodv, two nair 
of wheels. v 


No. 12, Severn wheeh?, fcee pair of shafts. 
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Ko. 13. Store limber wagon body^ pair of w^heels, tents, kc. 

No. 14. Limber body of store w^agon, and box, two pair of wheels. 

No. 15. Six vats equipment^ tents, &c. 

No. 1 6. Ten boxes equipment, arm cliest, &c. 

No. 17. Four boxes do do. 

No. 18. Lightboxes do -do. ■ 

It 'will be observed from this list that more than its proper compli- 
ment was sent with the left-half-battery, the object of this being to 
make up loads of proper w^eight. 

The method of packing and lashing the various loads w'as so Methoa of 
simple that it requires but little explanation. Each of the sleds 
intended for a gun, limber body, or w^agon body, -was fitted with 
two four-inch pieces of timber laid along the wiiole length just inside 
the raves, and secured to the sled with a few^ small nails driven in 
at the ends. In these pieces mortises about two inches deep were 
cut to receive the axletree beds; these mortises being if possible 
directly over one of the benches (Fig. 6) of the sled. The sleds Preparation 
intended for the three guns, had an additional piece in front, supported 
by the twm others, for the trail of tlie guns to rest on. This cross wa^on 
piece was spiked clown to the long ])ieces, and liad two cleats nailed 
on to receive the trail, and prevent it moving laterally. The object 
of this arrangement w'as to distribute the weight evenly over the sled, 
and prevent too great a pressure at any particular point. 

The same arrangement was made for the w'agon bodies ; for the Packing 
limber bodies, two being carried on one sled, a double set of mortises 
had to be cut. The object of cutting the mortises directly over 
the benches, was to enable a single lashing to be passed round the 
axletree arms and the benches immediately under them. 

Had the mortises, and consequently the axletree arms, not been 
directly over the benches, a double lashing, one forwards and another 
backwards w’ould liave been necessary to prevent the carriage from 
moving backwards or forwards. But, in the arrangement made, only 
one lashing was required. 

When the sleds were prepared in the manner described, tliey were 
packed in a very short space of time, the wheelers of the battery 
making fresh sleds ready, wliile tlie others were being packed. The 
guns were run over the sleds from the rear, trail first ; the wheels 
were then taken off, and the axletree bed and trail lowered into the 
mortises prepared for them. The tangent ring and sight, handle of 
breech screw, and elevating screw were removed, and packed in a box 
placed under the muzzle; a small piece of lashing was passed round 
the breech and the trail, and then hay bands were twisted all round 
the gun to protect it from the weather. The only lashings required Xaslmigs 
to keep the gun securely in its place on the sled were four; one for 
each axletree arm, and one for each trail handle. The benches of the 
sled being the only part to which a lashing could be fastened, the 
axletree arms w^ere lashed to the bench immediately underneath them 
(see Fig. 7), and the trail handles, projecting a good deal in front, 
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were lashed to the front benches. This latter lashing was so very 
oblique^ as to be of little use in preventing the trail pitching a little 
when going over very rough roads. 

wagon bodies were packed in the same way as the guns, and 
perches not projecting so far in front were more securely lashed 
down. 

Lasiiingfsof The limber bodies Were sccurcd to the sleds in the same way, by 
lashings round the axletree arms ; and the splinter bars rested on a 
cross piece, the whole being lashed down to the sled. 

The store limber wagon was packed in the same way, perch to the 
front. 

When the sleds were packed, a stout piece of 4 <" timber was passed 
■ximoerto Underneath the trails of each of the guns and under the wagon 

protect the bodies, projecting as far as tbe ends of the axletree arms, and fastened 
ams down by spikes to the two longitudinal pieces. These were intended 
to protect the axletree arms. This arrangement was suggested bv 
Lieut.-Colonel Turner, C.B. 

carried boxes and vats, and tbe one on which 
the hoses Were packed 7 wheels and 3 pair of shafts reejuired no preparation, 
but the lashing of these loads was a more difficult matter. After they 
were lashed, two or more packing sticks, termed “■ swifters ” in this 
country, were twisted into the ropes, and whenever any of the lashing 
stretched (which the white rope did very cousiderablj*), it was easily 
tightened up again. 

■'S hell any two parts of ^different carriages touched one another, 
when packed, or when wheels or shafts were packed on the top of 
boxes, &c., hay bands were twisted round them to prevent chafing or 
damage. ° 

Ho parte of It will be observed that in the above method of packing, nothinc^ 
pieces; nothing was removed from its place but the 
wheels and some of the limber-boxes, in order to distribute the weights 
Sp2&^ Consequently the whole of the guns and carriages cUld 

be put together in a very much shorter space of time than was taken 
in packing them, as experience proved. 

The half-battery was packed on the 4th, and put in order to 
start on the 6th of February. For the detail of the party, see 
Appendix, No. TIL p. 206. 

Before giving an account of the march it will be necessary to give 
some account of the preparations that had been made, and the various 
orders that had been issued regarding it. So well was everything 
arranged a ong the whole line of march, by the Quarter-Master- 
Generals Department at St John, that little had to be done by officers 
commanding detachments. There were officers of the Medical and 
Ummissanat Departments at each station on the road, and all 
arrangements relative to the lodging and rationing of the troops, were 
SO complete that xio trouble or confusiou wa^ ever experienced at the 
end or a day s march. 

cold, on the journey. 

^e extra articles of clothing which they wore, were, a chamois leather 
naistcoat, seal skin cap ^nd mits, and a comforter; and they each 
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were served out with a pair of moccasins for the march. They wore 
their cloaks, and every man had two blankets and a waterproof sheet. 

They generally wore one blanket tied over their heads as a sort of 
hood^ and the waterproof sheet outside it to keep the wind out. The 
other blanket they wrapped round their legs, and with these and the 
buffalo robes in the sleighs, they were generally quite warm and 
comfortable. 

The sleighs in which the men were conveyed w^ere, as far as frame- Sleighs for 
work and runners are concerned, identical with those described for 
the transport of the guns, &c. They were fitted however with four men. 
rough sides, across the top of which were nailed seats for 8 men, 

Brows of B including the driver. They were not supplied by the 
same contractors as the gun sleds, and many of them did not make 
more than two or three days^ journey, returning after having done so, 
and their places being taken by others. This was a source of incon- 
venience for two reasons ; first, the drivers of these sleighs having 
only short journeys to make, of two or three days, were alw^ays pressing 
forward, and endeavouring to get ahead of the gun teams in order to 
secure the best stabling, thus destroying the order of inarch; and 
secondly, much time and trouble were required to make the new drivers 
acquainted with the various orders relative to the arrangement, &c. 
of the line of marcK 


Three printed orders were given to each officer going up country Printed or- 
in command of a party. They were issued by the Quarter-Master 
GeneraFs Department at Saint John. Copies of two of them, the command- 
first,/^ Memoranda for the guidance of Officers,^^ the second a List 
of half-way halting places,'^ will be found in the Appendix, Nos. II. 
and III., pp. 200, 201, and an abstract of the third, wffiich relates 
to “the rationing of the troops. A perusal of these will show the 


arrangements made, better than any descnption. 

In addition to these, full directions were given as to the arrange- Arrange- 
ment of the line of march; about which a few words must be 
before going further. maxch. 

The first day^s march from St John was arranged as follows : — 

The half-battery was subdivided into two halves, the one called 
the Equipment Detail,''^ and the other the Movable Detail.” The 
latter consisted of the greater part of the men, including a party of 
2 officers and 61 men of the 6Brd Kegt. as escort, the three guns, and 
three sleds containing wheels, limbers, and shafts. The Equipment 
Detail” contained the twelve other sleds, carrying the wagons, 
harness, vats, &c. &c., and three sleigh detachments, 24 men. This 
latter, being considered the heaviest and consequently the slowest part 
of the train, though in reality aU the loads had been as nearly 
equalized as possible, was ordered to start an hour before the other in 
the following order : — 


S sleiglis equipment. 

1 „ detacliment, 8 men, 

4 „ equipment. 

1 » defcaetiment, 8 men. 


5 deighs equipment. 

1 „ detacIimeBt, 8 men. 

i »» 
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The “Movable Detail” was ordered to follow an hour later in the 
following order : — 

6 sleiglis detaciunecat, 8 men each. 


1 

1 

4 

1 

1 

4 


gun. 

limber, boxes, shafts, &c. 
detaelmaenfc. 


1 sleigli gun. 

1 „ limber, boxes, &c. 

4 „ detachment. 

1 „ men’s baggage. 

1 „ officers’ do, 

1 „ officers. 


This 


Change of 
order of 
march. 


gun. 

limber, boxes, &c. 
detachment. 

In each of these parties there was a ^^head teamster or " captain 
of the teamsters appointed^ who was to drive the leading team, and 
so regulate the pace ; and strict orders were given to the other team- 
sters, that no halt either for watering or feeding was to be made 
without the " head teamsters permission; and also that every sleigh 
wm to keep the sleigh in front of it, and the one in rear of it, always 
within hail. 

This order of march did not answer well, as the gun sleds were 
quite as heavy as those in the equipment detail, consequently the 
wby. * movable detail did not move any quicker than the equipment detail, 
and the men were thus longer exposed to the cold and later in arriving 
at their destination than was necessary. The object of the arrange- 
ment was of course to have the guns and a portion of the ammunition 
always with the larger body of troops. But tlie American difficulty 
was adjusted before^ the half-battery started, and there was conse- 
quently little or no risk in sending it even close to the frontier. The 
order of march was therefore changed, by authority from St John, and 
for the last eight days of the march, all the gun, limber, wagon, and 
equipment sleds with three sleds detachments Royal Artillery, and 
three do. 63rd Eegt. as escort, were sent on at least an hour, or an 
hour and a half before the larger body of men, which then followed at 
a much more rapid pace, thus saving "the men much exposure. With 
this arrangement, both parties generally arrived together, the second 
par^ generally catching up the first, shortly before the end of the 
day^'s journey. 

In the detail of the party it will be observed that one man of the 
Royal Engineers accompanied the party. He was sent up in order to 
join his company then at Fredericton. 

More attempting to describe the journey, a few words mast be 
the roads of New Brunswick, and their character in winter. 
Brunswick. AH the roads in this province are divided into great roads and bye 
roads. The former are those on which much regular traffic takes 
place, and they receive a greater amount of legislative aid than the 
bye roads. Ihe great roads are kept in repair by the inhabitants of 
the vanous districts through which they pass, but in winter verv little 
seems to be done to them. The road from St John to Little Fails, by 
whicn the troops marched, though the principal road in the province, 
WM m a very bad ^te, and had many dangerous places in it, all of 
which 6«emed of old ‘standing, and in one or two places only, had 
repairs been made. 

_ In winter when all the traffic is carried on by sleighs, the road is 
simply a teck,_the In^adth of a sleigh, worn, and beaten hard in the 
snow, there is only a single track, so when two sleighs pass each 
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other, one of them has to go off into the deep soft snow at the side of 
the beaten track. The track consists of a level surface on each side 
worn smooth bv the sleigh runners, and as w''e previously stated all 
the sleighs used in the province have the runners the same distance 
apart ; if not they would be unserviceable for long Journeys, from the 
heaviness of the draught. The draught of the New Brunswick sleighs 
is almost always double; hence the snow in the centre of the road 
gets worn into two channels with a ridge of snow between them (see 
Mg. S), which is an imaginary section of a New Brunswick road. The 



consequence of this is, that when single draught is used, the shafts 
must be attached nol in the centre of the sleigh, but to one side, in 
order to allow the horse to run in one of tliese channels. 


The priiicijml obstacles or faults in these roads in winter, are two ; Faults in 
viz, ^"^cahots^' or pitches, and ^^slews.*^^ The former are deep 
running across the road, generally at the foot of a steep descent, 
and they become enlarged by every sleigh which passes over them. 

Slews are portions of the road, which shelve down on one side, and ^ 
on which a sled swap's down sideways, each one making the slew 
wmrse. Both these are dangerous for heavily loaded sleighs, the 
latter especially. A sleigh pitches into a cahot with a heavy blow 
W’hich shakes every timber in it ; and when passing a slew, sways 
down sideways, being brought up at the bottom by a bank of frozen 
snow or ice, which is very likely to break the pins or split the runners 
as previously explained. (See page 183.) 

The '^^cahots''^ are mended by putting in alternate layers of young Mode of 
spruce boughs and well-rammed snow. Siio^w by itself wmuld be 
no use, for being softer than the beaten track, and having nothing to ^ 
hold it, it would soon be hollowed out again. 

The bridges in New Brunswick are of inferior quality, as there are Bridges 
so many required, that no grefit amount of engineering seems to have 
been bestowed on any of them. The same w^ant of supervision, 
visible in the state of the roads, is also to be seen in the case of the 
bridges. If one is carried aw^ay by a flood, unless the legislature is 
sitting at the time, it cannot be repaired till the next session. Many 
remains of broken bridges are seen along the roCd ; but it must be 
remembered that there are such large quantities of timber, always at 
hand, that in the event of a bridge breaking down or being carried 
away, another could be constructed, in an emergency, in a very short 
space of time. Most of the bridges, indeed, are made of logs cut and 
squai*ed on the spot; they are sdi constructed on the strut and tie 
principle. ' ' " 
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63rd Regiment,— 

Lieutenant F. Hulton. 

Ensign J. Thacker. 

The total number of sleds was 42, distributed as follows : — 

Half-battery of Artillery , . . 18 sleds. 

- Men , . * 20 „ 

Baggage (officers and men) . • 3 „ 

Officers . . • . . ^ . . 1 „ 

Each officer was allowed onlv 100 lbs. weight of baggage. "Wejgiit of 

lug-gage 

First bay. — Si John to Peiersville, 24 miles. office^ ^ 

The day was very fine and clear, but the temperature was very low, 
several degrees below zero when the party started. The road on leaving 
the towm winds over a hilly country for about four miles in a north- 
westerly direction, till it reaches the ^^bay^^ or lake formed by the junc- 
tion of the St John and Kenebecasis rivers. It comes on the bay about 
three miles above the mouth of the river, which runs into the harbour 
of St John between two lofty rocks spanned by a suspension bridge. 

The bay being always frozen over in winter, and a road being made 
across it, marked by spruce boughs stuck in the snow, a considerable 
distance is saved by crossing it instead of going round by the suspen- 
sion bridge. The road strikes the bay about the foot of Kenebecasis 
bay, which is a long stretch of water navigable by steamers for 20 miles, 
formed by the rivers of the same name. It first crosses this, and then 
the St John, making a total of 7^ miles on the ice. When the 
sleds got on to the ice and out of the shelter of the land, they became 
exposed to a keen breeze which was blowing, which made the cold to 
be severely felt. 

The snow also drifted, making the road very heavy, so the gun and 
equipment sleds made very slow progress. The bay is surrounded by 
ranges of hills thickly covered with forest, so the scenery is very fine. 

Five miles after coming on the ice brought the party to a point called 
Brundage Point. This point is in Kin^s County, on the left hand of 
the road, and lies opposite the foot of the Long Reach of the 
St John, up which the eye can travel for a great distance ,• and about 
two miles further on the road quits the ice, entering King^s County. 

The shelter of the land as the party approached it was found to be 
very WTicome, and the sun being then powerful, the weather was quite 
warm. The road after leaving the ice winds along the side of the river, 
having a range of wooded hills on the left, and about three miles 
further on passes the Douglas Arms inn, where the party halted Tor an 
hour. This inn is situated near the mouth of the Nerepis river, 
from which the whole road between Saint John and Fredericton takes 
its name, and is by road eighteen miles from St John. After 
leaving this, the scenery becomes magnificent; the hill^ become loftier 
and approach nearer to the road, till they overhang it in lofty cliffs and 
crags thickly covered with pine woods. For some distance the road winds 
through thickly wooded defiles, amongst which the "Eagle Heights" 
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must be noticed for their magnificent 
and the road loses its \rild character 
valleys. A few miles 
log huts at Petersville. 

olticers and another for the men, and a cook house, 
could only accommodate 120 
half a mile further, to an inn 
provided for them. Officers 
boughs, and as there were stov 
from the cold. 

if T^i marcli, tlie Assistant-Quarter-Master-General 

at St John was informed by telepph, of the safe arrival of the party. 
This w as done (by order) every day. To the existence of the telcOTaph 
along the whole line of m^ch, must be attributed no small share of the 

detUri ‘ evmthmg was carried out. If a detachment was 
detained at any place^ by severe weatlier, it was telegraiihed to all the 
Wting places on tlie road, and all the detacliments were delayed, till the 
- ppage was rernoved. In tiiis way any overcrowding at any one 
stahon was prevented. Besides this the telegraph was of the greatest 
Use on niciiiv nopfi.‘innTi« ^ 


scenery. But soon the defiles open, 
■ as it enters Welsford and Douglas 
more brought the party to its destination, the 
There are here only two huts, one for the 
- _ _ .... The men^s hut 
so forty men were sent on about 
road where accommodation was 
m slept on beds of young spruce 


r, but the roads were still very heavy from 
/ first teii^ miles of this day^s journey was 
on each side of the road for about one mile 
ipied by settlers. The greater part of these 
' ” that is to say, the trees 

eft in the ground, and a 
ioes not ^generally take 
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. 1 .. - log hutC 

.crossing. 


the quantity of drift, 
over a very hilly cou 
the land is cleared ar 
clearings, however, ai. 
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crop got off the land. The second clearing 
place till eiglit years after the first, when the 
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indicates poor land, viz. “soft wood” that « +n . “ “ ^ 
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from Eredericton. The Oromocto is one of the principal tributaries 
of the St John river; it is a deep river navigable for twenty miles, 
and some ship building is carried on in the village. It is crossed by a 
rough wooden bridge. 

The land along the bank of the St John between this point and 
Tredericton is of excellent quality, and there are several large islands 
in the river which produce very large crops of hay, from being often 
overflooded. The character of the trees is totally different here also ; 
instead of soft wood so common along the road, they are principally 
large elms, oaks, and other forest trees. About four miles from 
Tredericton, the road passes into York Country. Of this county, 
Tredericton is the capital, as it is of the whole province. It is a pretty 
little town lying on the bank of the river, and has barracks for 1000 
men, besides an artillery barrack. The party did not arrive till nearly 
7 p.m : the men were lodged in the barracks, and the officers billeted 
in a hotel. 

The health and spirits of the men were good, and they seemed to 
enjoy the novelty of the journey. The order marked No. V. see App., 
p. 204, was lianded to the officer commanding the party on arrival. 

Thikd bay. — Saturday^ Fei, 8, Fredericton to Tdlefs, 30 miles. 

The weather on starting was clear and cold, and continued so the 
whole day. The road winds along the southern bank of the St John 
river the whole way, never distant from it more than three-quarters of 
a mile, and lies in the county of York. A few tvords roust be said on 
the St John river, though it would be quite out of place attempting to 
give a regular description of it. This noble river whicli rises in the 
State of Maine, and forms the boundary between that State and New 
Brunswick, in one part of its course, and which runs into the sea at 
St John, is navigable for steamers from its mouth up to Grand Falls 
200 miles above it. The navigation is of course interrupted there, but 
it is carried on above the Falls for a long distance. In summer, eight 
to ten steamers ply between Saint John and Tredericton, doing the 
journey upwards in about eleven hours, and downwards in a much 
shorter space of tiiiife. The scenery on its banks is of great beauty, 
and the road to Riviere-du-loup follows the bank the whole way from 
Tredericton to Little Tails, six days' journey. 

On leaving Tredericton, the road winds along the side of a lovely 
valley, the river lying at the bottom, and the sloping sides of the hills 
being cleared and cultivated up to the top. Soon the road becomes 
more hilly, and is crossed by numerous small streams, running through 
deep ravines, spanned by bridges of rough timber. At one point about ten 
miles from Fredericton, the St John winds round a steep rocky point, 
with a steep descent in the road. The mid-day halt was made at a tavern 
in Kingsclear parish, about sixteen miles from Tredericton. During the 
latter half of the journey the road was not so hilly, but was very full of 
cahots and bad places. The party arrived at Tille/s^ a poor inn kept 
by a man of the name, about half-past six p.m. The inn lies on the 
slope of a hill, distant about one mile from the river, and there are 
some few houses round it. The whole of the Artillery were billeted in 
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daj*s 

marcli. 


the mu, their beds, being as was the case at every halting place, yotinff 
spruce boughs laid on the floor. The detachment of the 63rd^re J 

Sanlfrom the ?mT ^ 

Pfr,^nm 1 ^arch completely knocked up one of the teams of the 
equipment sleds. On exammiug the sled it was found that the run- 
ners were four inches further apart than those of the others, and this 
circumstenee alone made the draught so heavy, that a new sled and 
team had to be procured This is a clear proof that to have attempted 

SiiT^TbJ'f d^ ® ® resulted in 

failure. The roads were very heavy during the day's journey. 

Fototh day.— Feh. 9. Tilled & to Woochtoch, %% miles. 

a cloudirthe skv n ‘^lear, wdtliout 

hes’^^^ V; sky, but the cold was intense and the roads still very 

wr‘ 1 on the road yesterday apply almost equally well 

to this day's march. The road winds along tfie bank of the riXTt 
whoiew^, passing along the sides of gently sloping cultivatS hilt 
or steep banks covered with trees and intersected by numbers of small 
streams and hollows. Some of the descents in the rid were Tery 
steep, and the slews were so numerous, as to endanger the poles of tlm 
sleds; for when a pole slews, the West side genSily sicks b le 
snow, and thus throws a tranverse strain on tlm pole The whole nf 
the bet™ Iredericta and W»a,tock“ Tvm cosufone ,! 
keep m rep,,, omng to the nnmbet ot btidra n2e.»V7 

and Carleton. Here the separating the counties of York 

of the St Andrews railway at CATit^K ^ f? termination 

of the 4th BH5srt;5 

STd^i! “S ' “S! 

and better cultivated country^ but ® 
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necessary to take great care to prevent desertion. On this subject^ 
private directions had been given to the officer commanding before 
leaving St John, but an additional memo, on the subject was given to 
him here by Captain Percy of the 9th Foot, who was doing duty as 
Dep.-Asst.-4f-“^I^ist.-Gen.^ The precautions taken were to confine 
the men to barracks each night ; and as they were generally fatigued 
with their journey, they did not grumble. 

Fipth day. Monday, Feiruw^ 1^* Wooditoch to FlorenceviUe^'^’^^^\^^f^ 

The weather continued as previously very clear and cold, the ther- 
mometer on starting standing at 15° below zero. One trifling case of 
frost bite happened to day, the only one that occurred during the ten 
days^ march. Soon after leaving the town of Woodstock, the road 
ascends till it gets on to the table land, at the top of the hills above 
the river. Here the breeze was much felt as there was no sort of 
shelter from it. Soon, however, the road changed to its old character, 
constant ascent and descent, through endless ranges of soft woods 
overhanging the river. This day^s march tested the strength of the 
sleds and the mode of packing and lashing, more than any other part 
of the journey did, the ascents and descents being so steep and the 
" caliuts '' so numerous and deep. On arriving at Florenceville it was 
found that two of the gun sleds had the tranverse pieces wliich 
supported the trails, broken across, caused doubtless by the trails 
pitclring a little wdien going over bad portions of the road. As 
previously explained, the trail lashings were of necessity very oblique, 
so that the pitching could not be entirely prevented. The broken 
pieces were replaced in a very short space of time, and the new 
pieces put in lasted till the end of the journey. The sled too which 
carried the store-limber wagon body got off the track, and the horses 
fell in the deep snow, but it was soon righted again. The mid-day 
halt was made at Milks tavern, sixteen miles from Woodstock. The 
remainder of the road is of the same character, and the sameness of tlie 
scenery becomes somewhat tiresome, though it is al] beautiful. Florence- 
ville, a small settlement on the river, was reached about 5 p.m. It 
lies in the county of Carleton. The accommodation is as follows : — 

In the principal inn (Parkeris), six officers and fifty men could be 
accommodated. Three other houses could accommodate respectively 
sixty, fifty, and twenty men, and if necessary some other officers could 
be accommodated in another house. 


Sixth day. Tuesday, February 11, Floreneeville to Sixth da/s 

26 miles, march. 

The weather continued the same as usual, and the men were in the 
best health and spirits. The road to day hardly merits a description, 
being the same as that of the previous days, never distant from the 
bank of the river more than half a mile, and winding along through 
long woods of pines, firs, cedars, black and yellow birches, &c. On the 
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* See. Appendix, 'Ho, VL p. 205. 
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opposite bank the scenery is of the same character, sloping hills thicklv 
covered with wood, with here and there a few clearings and log huts, 
home attempt had been made to repair the worst “ cahdts ” in the road 
so the traveUing was not so bad. The mid-day halt was made at 
iJaird s tavern m Andover parish, eighteen miles from Horenceville, 
and the last eight miles of the road are comparatively level, so tliev 
were qmckly got over, the party arriving at Tobique at 4 p.m. Tobiqne 
IS a pretty village, distant only four miles from the States. The accom- 
modation here is as follows : — Newcombe's inn, five ofiicers and twenty 
men ; two other houses ninety, and fifty respectively : and Mr Beverido-e 
w n rocr accommodate any officers in lus 

[ue river which falls into the St John a few miles 
:e, IS the second largest tributary which it receives, and 
- a few miles of the Nipisiguit, 


who resides here, 
house. The Tobiqi 

above the villagi _ ‘ 

it can be ascended in boats till within „ 
which runs down into the Bay of Chaleur. 

Febniatj 12. Tobique to Grand Falls 

jnie weather this day was much milder being dull and overcast, a 

The therefore much easier, 

ihe character of the road too is somewhat different for about four or 

five mile^ above Tobique it crosses over the Aroostook river by a sub- 

Tnln ^ ^ IS the largest tributary^ of the St 

Ss’nf leveUer, though still hfily, and with the excep! 

toons of a few deanngs, covered with dense forest. A large lo® hut 
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y halting place. The latter was a collection of poor houses 
to miles from Tobique. The party arrived at Grand #X abouJ 

in. w it® "ame from the falls of the St John river in its 

immediate vicinity. It is partly inhabited by French settlers whioh 

f J 4 . 1 ,** 1 wer discharges its waters over a precipice iiearlv 
mty feet high, and then pursues its course through a deep rocky o-oro-J 
with chffs of great height on each side. Thi^or^rJVpann^^^^^^^ 
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ice above tbe falls, instead of passing over the suspension bridge, by 
which several hills are avoided. The river now forms the boundary 
between New^ Brunswick and the United States, and about three miles 
above Grand Falls, the boundary line of Maine, consisting of a broad 
track cut through the woods, is seen running up over the hill from the 
right bank of the river. As nothing but the river separates the coun- 
tries, and as it is of course frozen over, the ease with which any man 
attempting to desert could get away, is evident, hence great precautions 
had to be taken. The character of the country and of the inhabitants 
changes as the road advances. The road at first runs along the top of 
a level plateau about half a mile broad, and about 50 ft. above the 
level of the river, consisting principally of cleared land, with occasional 
stretches of underwood, instead of forest. From the back of this 
plateau the hills slope up gently as before. Soon the road quits the 
river, and although it is never at any very great distance from it, yet 
it is not seen for the remainder of the day. It is also much more 
level, and the character of the scenery is tamer. The road is still full 
of cahots and dangerous places. The settlers are nearly all French, 
and their national taste is evident in the style of their log huts, which 
instead of being left in the rough state externally as those down the 
country, are all neatly smoothed, and finished. The mid-day halting 
place, was Jenkin^s tavern, eighteen miles from Grand Fails. The 
road is now in the district of Madawaska, so called from a river of the 
name, and passes over a large number of considerable streams w^hich 
all flow into the St John. In the parish of St Basil, a few miles from 
Little Falls, there is a very handsome nunnery and Catholic church 5 
and the country is thickly inhabited by French settlers. Little Falls, 
a village situated near the confluence of the St John and Madawaska 
rivers, receives its name from some rapids in the river St John w^hich 
impede the navigation. The party arrived about 6 p.m. The officers 
w^ere lodged in the house of Mr Emerson, one of the principal inha- 
bitants, and the men in a large building nearly opposite. These 
houses are close to the river ; the opposite bank being part of the 
State of Maine. 

Ninth DAY. 'Friday. Fehrmrylii. LiUle FalU to Fort 
m miles. ^ 

The weather was very mild, and soon became overcast; and snow 
commenced to fall, lasting the whole day. This rendered all attempts 
to observe the country or road impossible. Here the road finally 
leaves the St John river, and now follows the right bank of the 
Madawaska river, which connects Lake Temiscouata, with the St John 
river, thus leaving also the American frontier and approaching that of 
Canada. The first ten miles of this day^s journey lie along a perfectly 
level stretch of country, thickly covered with underwood, amongst 
which are the stumps of many large trees, which have been burnt. 
This level ground varies in width, and is at no great elevation above 
the Madawaska river, which is on the right of the road, but is not 
visible from it, for any great distance. On the left of the road, as 
far as could be seen for the snow, lies a high range of hills thickly 
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covered mth wood; and on the opposite bank of the river, a gently 
rioping range of hills partly wooded and partly cleared. About ten 
lies from Little Falls, near Trout stream, a small tributary of the 
ladawaska, the road crosses the boundary line, a broad track cut 
•iro^h the forest which cannot be mistaken, between New Brunswick 
pd Canada. The moment it is crossed, the improvement in the road 
IS manife^. Instead of the rough irregular road of New Brunswick ■— 
full of holes, and with a ndge in the middle of it,— the Canadian road 
is smooth and level, and everything that could be desired. The cause 
of course is, that the Canadian government can afford to have the 

snovv-plough ard roller constantly at work on the roads ; the govern- 
ment of New Branswick cannot. Twenty miles from lattle Falls 
near where the Madawaska river issues from Lake Temiscouata, there 

g y he French settlers, from the river being alwavs open there 
m consequence of some hot springs: it is distant I few" mSes from 
the mmn road, but as no better place can be found, it was chosen as 
tk mid-day halting place. After leaving this, the road becomes very 
hilly, running over a constant succession of hills, thickly wooded and 
wit 1 no sigjis of clearings or cultivation anywdmre. So^ tlm road 
k.’. r-f f appearrto be lerr 

tion ^Thi^h£V”7 preveided all observa- 

tion ihis lake is a long narrow sheet of water, twenty miles Iona- 

and from two to four wide, and is celebrated for the Lntt nf ^ 
scenery. Fort Ingall is an old blockhouse barrack rapidly Lao- to 
pieces, situated on the shore of the lake, about two miles from its 
head. It is surrounded by the remains of an old stockade ^ and a fw 
Mins and a cookhouse had been cleaned out and furnished with beds 
of spruce boughs for the reception of the men There are 
quarters in the fort, but of oLrse no funSe of any descSn 

iac™ “4 “ wSa 

15. l>ort Ingai fo 

a nver runs into Lake Lake, from which 

lugan, the highest of the Td it reakeT ^nTfrom 
an easy and rapid descent to St !?.» • mom this there is 

the miiday 3 waSe Here 

and behind them a large log hut has bee^S bouses; 
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stage into two. Here one of the sleds laden with harness^ vats, &g. 
broke down in consequence of driving rapidly over a bad slew in the 
road just in front of the inn. The wooden pins of the sled gave way, 
as previously described,^ and one of the runners became detached. 

The damage however was repaired in about twenty minutes. Prom 
this place the road continues hilly for a few miles. About ten ”1111163 
from the Journey^s end, a fine view of the St Lawrence is obtained, 
witli a bold chain of mountains on its northern shore. The last eight 
miles into liiviere-du-loup are almost perfectly level, but from the 
length of the day^s march, the teams were somewhat done up, so the 
pace was slow, and the party did not arrive till nearly eight o^ clock. 

Before entering the town, the railway terminus is passed, about two 
miles from it. Here the eighteen gun and equipment sleds were left 
for the night, along with the greater portion of the baggage. 

The town seems a pretty, rising place ; it is inhabited almost exclu- 
sively by French settlers. The men were lodged in a large house 
with a number of rooms; the officers were in a hotel. 

Sunday, Februar^W, 

This morning, a party paraded and transferred the half-battery Transfer- 
complete from the sleighs to the railway cars in three hours. A 
large open truck and a closed van w^ere the only two cars supplied, to the 
The guns had the wheels put on, and also the store-limber wagon 
and then, along with the wagons, and limber bodies, spare shafts, &c. 
w'ere all packed on the open car, care being taken to remove all the Packing on 
hay in which the carriages had been packed, to prevent sparks from arSvafa^ 
the engine catching in it. The ammunition, and harness and equip- Montreal, 
ment boxes, &c, were packed in the closed van. The special train of 
which these carriages formed a part, left at 1 p.m. the same afternoon, 
and arrived at Montreal about 2 p.m. the day following. 

It must be carefully kept in mind that although this journey was Conclusion, 
performed without any accident or trouble of any kind, yet it does 
not follow that it could have been done equally successfully in all 
■winters. The government of New Brunswick cannot afford to keep 
their roads in good order, so a heavy fall of snow if accompanied 
with drift renders them impassable for a long time. The inhabitants 
of the province declare that if it had been attempted last year, it 
would have been found impracticable; and also that by a strange 
coincidence, the present winter, 1861-62, and the winter of 1837, 
wdien troops w^ere sent up before, have been the two mildest wunters 
on record. 
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APPENDIX OP OEDERS, MEMOS., ETC. 


No. I. 

Quaetee-Mastee Geneeal’s Oepice, 

St Johs, New BEUisrswiCK, 

February 3, 1862. 


Appendix During the process of and " Batteries, E.A., the guns 
of Orders, and equipment sleighs will be handed over on their arrival at the 
Memos. &c. yggpective halting stations to the officer in charge, who mil cause 
them to be parked and guarded in the usual manner. 

The sleighs are not to accompany the horses to the stables. 

By order, 

(Signed) L. SHADWELL, Colonel, 

Asst.-Qr.-Mr.-General. 

Lt.-CoL Turner, C.B., 

Eoyal Artillery, 

St John. 


No. IL 

MemoTaniurnyfoT the guidance of officers commanding detachments 
of if oops proceeding hy sleigh from St John to Riviere-dtiJoup, 

Officers commanding detachments of troops proceeding to Biviere- 
du-loup, will make the following reports to the Asst.^Quarter-Master- 
General at St John, at the end of each day^s march : — 

(1) By telegraph,— 

The arrival of the troops at the new station, stating anything of an 
urgent or important nature. 

(2) By letter, — 

The health of the troops ; the state of the weather and roads during 
the march ; whether anything was wanting at the halting place of the 
previous night for the accomodation of the troops. He will add any 
remarks that may suggest themselves to him, regarding the arrange- 
ments for the men on the march. 

The officer commanding the party will also leave a memorandum 
for the officer in charge of the detachment following him, containing 
any information which he may consider of service. 
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Slionld a detadimenit be unaToidablj detained at a baiting station^, 
the officer commanding most immediately transmit a telegraphic ^^lemos, &c, 
message to that effect to the station in Ms front and rear to be passed 
along the entire line of routes so as to prevent confusion by crowding 
at any of the stations, but the detachments in front are not to be 
detained thereby. Another telegraphic message must be sent in like 
manner when the detachment causing the detention is ready to 
proceed, and the parties in rear will then continue their march. 

Should telegraphic offices not be established at any of the halting 
stations, a messenger must be despatched. 

The detachment proceeding from Port Ingall to Riviere-du-loup, 
should telegraph their probable time of arrival to the latter station, in 
order that the railway carriages may be in readiness for the party, and 
hot tea or coffee provided for the men. 

One pair of moccasins per man will be issued to detachments of 
troops proceeding up country from St John, and the officer com- 
manding each detachment will give a receipt for the same. 

At Fredericton, Woodstock, and Little Falls, these moccasins wiU 
be handed over to the issuer of stores at the station, who will give a 
receipt for them to the officer in charge of the party, to wdiom he 
will issue a similar number for the use of the men, and for which he 
will take a receipt. This arrangement will be carried out along the 
whole line from St John to the Eiviere-du-loup, where they will be 
returned. 

By order, 

(Signed) L. SHADWELL, Colonel, 

Asst.-Qr.-Mr.-Gen. 

Quarter-Master GeneraFs Office, 

St John, 6th January, 1862. 


No. III. 

Should mid-day halting places be required, fhe following places are 
available betw^een Fredericton and Eiviere-du-loup : — 

Feedeeicton : 

1. A tavern in Kingsclear parish. 

TileeiFs : 

2. Eel river tavern, close to the bridge. 

Woodstock : 

3. MilFs tavern. Middle Simmonds parish. 

Floeekceville : 

4. Baird^s tavern, Andover parish. 

Tobiqub : 

5. Simon Ballard^s and neighbouring houses (about ten 

miles from Newcombe^s at Tobique). 
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Appendix 
of Orders, 
Memos, 


Ghand Palls : 

6. Jenkin^s tavern^ and Joseph Cyr^s house* 

Little Palls: 

7. Dumont^s house at the Degele. 

Poet Ikgall: 

8. Saint Prancis* 

EmEEE-DU-LOUP. 

(Signed) L. SHAD WELL, Colonel, 

Asst.-Qr.-Mast.-General. 

St John, New Brunswick, 

5th Peb. 1862. 


No. IV. 

Abstract of district order, dated St John, New Brunswick, January 
9, 1862, relative to the issue of extra rations of rum and groceries to 
the detachments on the line of march, — 

1. They will be issued in small unbroken packages, in quantities to 
last from one de^ot to another. 


Grand Falla, 
Fort Ingall, 
Em^re-duJoup. 


Tobique, 
Little Fails. 


2, They will only be issued at iepoU^ viz. 

Saint John, 

Fredericton, 

Woodstock, 

8. At the intermediate viz. 

PetersviUe, 

Tilley’s, 

Florenceyille, 

there are stores in cases of emergencies. 

4.. OfScers commanding detachments will obtain from the com- 
missariat officer at each dep&t, tm ration certificates (see page 203), 
shewing the period to which the bread and meat has been issued ; 
the oiheTj the number of rations of rum and extra articles^ which the 
detachment has been provided with. The first will be given up at each 
post (intermediate posts included), where rations of bread and meat 
only may be drawn, and another similar certificate obtained. The 
second will in like manner be given up at the depots, where the extra 
rations are issued, any excess in the previous issue, being of course 
accounted for j a further advance will then be made, and a certificate 
given. 

5. Should these certificates not have been obtained, the officer 
commanding must give.a certificate, for the accuracy of which he will 
be held personally responsible. 
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6. A snpply of tobacco and soap is laid in at eacii dep6t j they will Appendix 
be supplied to tlie men at cost price, on requisition and receipt in ^emosf^. 
duplicate, of officers commanding detachments. 

7. The following is the field ration : — 

If lb. bread or l ib. biscuit. 

If lb, fresb meat, or 1 lb. salt, 

Tea I oz., coffee f oz., sugar 2 oz.. 

Salt I oz., pepper sV oz., rum gaHon. 

at a stoppage of BS, for a soldier, and M, for an officer. 

8. The rum kegs are to be preserved, and exchanged, or refilled at 
the depots.;' 

9. A pair of moccs^ins will be issued to each man, on receipt of 
officer commanding; to be exchanged at each depot, and sent back by 
the return sleighs to the Asst.-Qr.-Mast.-General or other staff officer 
at the depot in rear. 

10. Candles and wood vdll be issued, where no agreement has been 
made for their supply. One candle to four officers or eight men. Tire- 
wood must not be wasted. 

Form of Receipt, No, 1. 

Post 

Eegiment, 

I certify that the following supplies have been issued to the dates 
specified inclusive : — 

Bread or biscuit. 1 ^ ^ ^ 

Fresb or salt meat ) 

for officers non-commissioned officers and privates, and 

forage for horses. 

(Signature of Storekeeper.) 

(Date) 


Form of Receipt, No, £• 


Post.. 


Eegiment. 

I certify that the following number of rations of extra articles have 
been issued from this date inclusive : — 


Tea rations. 

Coffee 

Sugar 


Pepper rations. 

Suet „ 

Bum . 


Ho. of kegs to be returned. 

for ..... . officers non-commissioned officers, and privates. 

(Signature of Storekeeper.) 

(Date.) 

Eation returns of these forms are to be provided by the com- 
missariat officers at each post or dep6t, and are to be signed by officers 
commanding. 

[voL. III.] B 
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No. Y. 

Peederictost, 

Feb. 7, 1862. 

Memorandum. 

1. The detachment of troops due this day at Tredericton from 
Petersville, will be stationed in the barracks, Eoyal Artillery park, in 
rooms pointed out by the Barrack -master. 

2. The guns and equipment sleighs will be parked at the Store 
Barracks under charge of one non-commissioned officer, and three 
gunners, E.A., to be furnished as a reinforcement to the guard at these 
barracks. Care will be taken that the guns and equipment sleighs are 
parked in separate divisions to avoid confusion in starting to-morrow 
morning. 

3. Immediately on arrival at Predericton, the officer commanding 
the detachment will order a non-commissioned officer from each corps 
to attend at the commissariat office, to settle for rations for the forward 
journey. 

4. A non-commissioned officer from each corps will be furnished 
for gate duty at the barracks. 

5. The detachment wiE proceed to-morrow morning to Tilley^s, as 
follows:— 

(1) A sleigh with the rations and cooks, one for each corps 

under a non-commissioned officer, Eoyal Artillery, will 
leavePfedericton at 6 a.m. 

(2) The equipment wdth its detachment at 7 a.m. 

(3) The remainder of the troops, together with the guns at 

8 a.m, 

6. The officer commanding the detachment will he careful to 
include in his telegram to head quarters, the strength of the officers as 
%veil as of the men. 

7. Marching-in and marching-out states will be furnished on arrival 
and departure by each corps to the corporal of Eoyal Engineers in 
attendance. 

8. With reference to the forward journey, one of the drivers is 
always appointed head teamster, for each train of sleighs, and the 
officer commanding the detachment will take care to enforce the order, 
that no sleigh shall be stopped for the purpose of watering or feeding 
the horses, or shall go on ahead except by permission of the head team- 
ster, The head teamster will lead the line of sleighs, and will regulate 
the pace. Every sieigli wii keep the sleigh in rear of it within hail, 
therefore should the non-commissioned officer in No, 1 sleigh see 
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No. 2 stop or fall to the rear, he will halt or slacken the pace of No. 1. 

Or should No. 4 sleigh halt. Nos, S, 2, and 1 in front, will also halt until Memos, &c- 
No. 4 is ready to go on again. The watering and feeding of teams 
will only take place by the permission of the head teamster, — halts and 
advances will be sitnultaneons along the whole line. 

(Signed) aPOBDTCE, 

Colonel. 


No. TI. 

Ilenio, for guidance of Offi-eers Commanding detachments jproceeding 
to Rwiere-du-loujg, 

Woodstock, 

Eeb. 9, 1862. 

At Florenceville, Tobique, and Grand Falls, the greatest care and 
caution must be exercised to prevent desertion. No civilian can be 
permitted to enter the soldiers^ billets 6ii any pretence. 

A guard will be mounted immediately on arrival. 

On the line of march all soldiers are confined to barracks. 

An officer will visit the billets every night, and satisfy himself that 
every man is present ; miceasing vigilance on the part of the officers is 
demanded. 

At Fort Ingall, officers commanding detachments will separate the 
baggage, only retaining with them what will be required for the night at 
Eiviere-du-loup ; the heavy portion of the baggage will be left at the 
railw’ay station in passing, and much trouble and expense will tims be 
saved. 

The senior officer alone, wiE telegraph on each night to St John. 

By command. 

(Signed) J. W. PERCY, 

D.-A.-Q..M.-Gen. 


By order, 

i'or tlie information of (Signed) L, SIIABWELL, Golonelj 

Lieut*-Colonel Turner, C.B., Eoyal ArtiUery, Asst-Qr.-J^ir.-Geiierd* 
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OX ,/FIKBIKa,',THE ; H 0EAYITY OF A 0tTH„ OH ITS , CAEItLiGB AXD 

OHX OH ITS CAEBIAGE UHLIMBEEEI). 


By Lieut.-Gol. H. H. MAXWELL, E,H.A. 

I HAB occasion a few years ago to endeavour to find the centre of gravity 
of a gun on its carriage nnlimbered, as a preliminary to the solution of 
another question. The method I pursued was a slight and obvious alteration 
in the following method of finding the centre of gravity of a four-wheeled 
cart^ derived from Fisck^s Eleimniary Treatise on Mecfianks of Solid Bodies^ 
and quoted in the Treatise on Mechames by Joseph Dirsclil, Vienna, 1857. 
As I have never seen this subject written of elsewhere, 1 have ventured to 
lay it before your readers. 

1. Let it be taken for granted that the carriage as should be the case 
is symmetrically built and laden, the vertical plane passing through the 
middle point of both axles must be that in which gravity acts. If we run 
the carriage on to a platform such as J/iV (fig. I), inclined to the horizon at 


I 


Fig. 1. 


an angle in such fasliion that both axles shall be horizontal, and chock 
the liind wheels with wedges K ; if, again, we suspend the ends of the 
axle-arms of the front wheels by the two ends of a chain, and attach the 
centre of this chain to one arm of a balance, and then increase the counter- 
poise in the opposite scale, until by the play of the beam the front wheels 
Just lift clear of the inclined plaiie MN and no more, then, the weight in the 
scale, less the weight of the chain and the front wheels will indicate the 
vertical pressure, wLich the front axle exerts on the naves of its wdieels. 
Let this weight be represented by^;, and let us imagine an equal force at 
C acting vertically upwards ; this force, after abstraction of the chain and 
front wheels, will keep in equilibrium the upper part of the carriage (that is, 
less the four wdieels) and its load on the fulcrum C of the hind axle. 

Let S be the centre of gravity and W the weight of the carriage {less its 
wdieels) and its load, which acts in the line SB vertically downwards, 
theu' is . ' ■ " , , ^ 

OD.W^eO.p. 





3j tile eombmatioB fcsa.last two equations we finally find as values of 
the co-ordinates of the omtre of gravity of the carriage less the wheels 


the radius of the front wheels ca = Ty that of the hind wheels CA = H 
and the distance between the axles cC = a, then is JS = y — and in the 
right-angled triangle cBCy putting the angle BcC = a ; 


sma : 


a 


Through D and F draw the horizontal straight lines BE and GH and 
through e the vertical straight line cHy then the angle HFC = FSG = ^^and 
EcB = 90^ — ^ 4- and we have in the right-angled triangle 8GF 

IG = IS sin ^ = (y — r) sin 

and in the right-angled triangle cIIF 

BE = c J cos ^ ^ cos <i> ; 

therefore 

IG -{- IE = GH == DE = a? cos ^ -f (3^ — r) sin 

Again^ in the right-angled triangle cBBy 
BE 


consequently^ 


cD = _ a? cos 4- (y — r) sin ^ ^ 

cos a) ““ cos (<35> — a) ' 


nn = - .n - ^ + (y ->•) 

COS (ijS — a) 


If this expression be substituted in the above determined equation of 
moments, we have 


or X cos 


C cos(^ — a) J * 

^ + 0-»-)sin^=a^l cos(<#. — a). 


For any other angle of inclination of the platform with which the 
pressure on the front axle is^, we have similarly, 


Draw SVy ca and CA perpendicular and cB parallel to MNy let us take 
the co-ordinates of the centre of gravity, 


aVr=^cI=:X'y FS = ^, 
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^ f P sin <!>'. cos (^ — a) — P' sin ^ . cos ((f>" «— a) 1 

«_a|cosa j., 


y = r + a sin a 

SSS! P -f* fl 


P COS <!>'. cos ((j> — g) cos (f ) . cos a) 
P cos cos (<^ — a) — i?'cos (p . cos (^' — a) 


}■ 


I.- 


If tlie pressure on the front axle be determined when the platform is 
horizontal then ^' = 0 ; and hence we get from the formulae I, the simple 
formulae 


a? = ^ cos 




Jf = ^ {(/— i») cot ^ . cot a — j;} 


= B + —ppr- {(.p'—f) cot <^ . cot a —p} 


II. 


Further, if the carriage is equirotal, then S = r and a = 0, and we get 
from Equations II. 


' - (i ’ ] 


^ = P -pa cot 


III. 


2. To ascertain the centre of gravity U of the carriage with all four 
wheels (fig. 2), let S be that of the carriage and its load but without the 



Fig. 2. 


wheels ; let o and C be the centres of gravity, and q and Q the weights of 
the fore and hind wheels, we shall have in the plane ae of the moments 

aM{W+Q + q)^&N-,JV-^aJ,Q, 

and for a plane Aa of the moments 

MI7{W + q) =iaG,q ’i- AC^Q^r 
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or, putting, aN= x, NS - y, aM = X, MU = Y and retaining the same 
notation as before in other respects. 


X{W Q + q) — aW + a cosa.Q, 
F(W+Q + q) = rq+yfr+BQ 




(i“) 


Determining the values of X and Y, and substituting the previously 
ascertained values of x and y of Equations II., we have 


: a cos 


a(l 


y+g ^ 
W+q+q^ 


.IV. 


y -r , fTf . (P’-F) coi(l).cota — (p + q) 
T-B + iR-r) W+'q+l 


These last formulse will then answer for the determination of the centre of 
gravity of a gun and carriage limbered up. To determine that of a gun 
unlimbered, which is of importance in questions of the effect of firing on 
gun carriages. In such case r = 0, and = 0, and the whole reasoning 
is equally applicable. Tor a gun unlimbered then 

X=«cosa(l-.^), 

v_ P I i’)eot(#>.cota — P 

r-R + R 

To try these formulae practically I had a platform erected at an inclined 
plane, the vertical height JfZ being 5 and the horizontal extent NL 
being T2Jy^-5, or at an angle with the horizon of 22^. 32^ or (p. In the 
first experiment I ran a Bengal 9-pr. gun of 10 cwt. on its carriage"^ and 
unlimbered, trail end upwards, up the inclined plane, so that both trail and 
wheels rested on the platform; the wheels being duly chocked with wedges. 
I had the beam of a large balance rigged up with one end immediately over 
the trail and connected the end of the beam to the trail handles by the 
scale chains ; and ran the scale-board itself between the chains, so as not to 
alter the equipoise. When aE was ready, I gradually added weights until 
the trail just lifted off the platform and no higher. I then took a note of 
the weight. The gun was next run down on to level ground, and the end 
of the trail placed in the centre of one scale-board, and weights gradually 
added until there was equilibrium. To ensure accuracy I had square holes 
dug under the scale-boards so that the upper surface of the scale-board was 
on the same level as the ground on which the wheels stood. I then again 
noted the weights in the scale. I proceeded in the like manner with the 
24-pr. howitzer 10 cwt.* 


* 9*pr, and 24-pr. elevatang screws were rim down as far as they would so, giyinff r®* 

It **£3101 a j » o 


aafl^ «nd 


Eil 


in 
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Tlie following are the data then for the calculation, of the centre, of .gravity 
both cases : — „ 

Bengal ■ Pieces. "■ -v- 

9-pr. iOewt. 24-pr. howitzer 10 owt. 

a =93", a = 88", 

^ ^ ^ ^> = 205-51bs. 

/=80S „ y=339 „ 

?F'=3489-5., ^=2578 „ 

Q = 449 „ Q = 449 „ 

-S = 30" iJ = 30". 

J£Z; = 51"-25, 
iVZ = 123"-5, 

cotlfiVT; = cot A = = 2-4097561, 

■ 5I*z5' .. 


4 , = 22°. 33'. 14"-7; 


sina = - = = 0-3260870, 

a yii 

a == 19®. 1'. 53^^ 


E 

sin a = — 
a 


30 


88 

a = 19®.55^56^ 


0*3409091. 


Substituting the above values in Equations V. 

308 > 


X=:92 cosa 1^1 

sss 92 cos a ,X 
= 77''*855. 


2489*5 -h 449> 

2630*5 

2938*5 


X = 88 cos 




329 


2578 + 449y 


88 cos a X 


: 73"*731. 


2698 

3027 


r== 30 + 30 

= 30 + 30 
= 34"'226. 


9-pr. lOcwt. 

(308 — 217*6) cot cot a — 217*6 
2489*5 + 449 

631*53 — 217*6 
2938*5 

24-pr. howitzer lOcwt. 


2578 + 449 


30 + 30 


820*68 — 205-5 
3027 


= 36"*097. 


m 
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In like manner by substituting the values of .-j? and y of Equations III. in 
Equations 1®^ we shall get values of X and E for oMaining the centre of 
gravity of an equirotal carriage such as those in use in the Artillery 
Service. 

The above experiment was made with a view to getting data for the 
calculation of the strain on the axle of a carriage when the piece is fired. 
In this calculation I failed, owing to the difficulty of comparing impact with 
pressure. I commend the problem to the notice of better mathematicians. 
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CUPOLAS AND FOETS. 


By FBAHCIS . BU^CAN^ Lieutenant, Boyae. Aktilleey. 

TEEIOW OF TH® GEOIOG-ICAL SOCISTTj A¥3> B.C.I.., 

KIKa’S COELEGB, 3r.S. ' . 

In tlie first paper on tliis subject, which appeared in the Proceedings of 
the R.A. Institution,* mv object was more to generalize on the advantages of 
the plan I proposed ; and to record the ideas wdiich, from their simplicity, may 
have existed in the mind of any artilleryman or engineer, who has given the 
subject consideration. The notice taken of the former article by some of the 
military papers, encourages me to pursue the subject more into the region 
of details, and to enlarge on such of the advantages formerly mentioned, as 
seem of the greatest importance. 

In an article which appeared in a recent periodical, t the writer labours, and 
successfully, to prove that old fortifications cannot resist new guns. But he 
at the same time goes on to quote the report of the Commissioners of the 
National Defences, that the considerations respecting the progress, which is 
being made in the production of ordnance of increased power, tend to show 
that in all probability the relative value of forts opposed to ships will be 
greatly increased/^ This same opinion was expressed in my former paper, 
by saying "that fortresses evidently derive a higher ratio of benefit from 
improvements in artillery, when these improvements involve heavier guns 
and larger charges, than either ships, or armies in thefield.^^ But in entering 
on details on such a subject, the duty of the writer is to show the means 
by which such superior advantage is to be obtained, and wRen obtained, how- 
to be most efiectually employed. 

In concluding the last paper, hints were thrown out as to the immense 
advantages to be derived by the use of the cupola on martello towers ; and 
I shall best enlarge on these by illustration. The martello tower is most 
appreciated on a coast, round a harbour, or on an extended frontier like that 
of Canada. On a coast, as in a fortress, we must value the strength of the 
defences, as being not greater than their weakest point. So that, if we fortify 
one hundred miles of a coast accessible to an invading force, and leave twenty 


undefended which are equally accessible, we may consider the whole coast I 

as far as resisting the landing of an enemy is concerned to be virtually ! 

undefended, and the expense of the incomplete defences to be practically I 

thrown away. But there is a limit to the money a nation can expend in its ' 

fortifications, nor can it enclose itself within regular lines of fortification 
like a Chinese wall. Here then the martello tower comes in, and by placing 


* Vide p. 107. 
t Column’s United 
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these at intervals round such parts of a coast as an enemy can land on^ we 
obtain the advantages of comparatively cheap and simple defence, and inter* 
ference vith the invader^s base of operations, with the still greater one, that 
the destruction of one tower does not materially affect the others. ^ And the 
enemy will either have to take the towers in detail, and thus give time to the 
invaded country ; or by scattering their forces to capture several at once, they 
will weaken their powers of resisting any attack which the clefending army 
might make upon them. Or, supposing,— as in these days of xail and telegraph 
we may easily suppose, — that suiBcient notice had been obtained by the 
country attacked, to allow of the concentration of large bodies of troops on 
the spot where the enemy should land, what magnificent support would these 
towers afford to the defending army, what unequalled guns of position would 
their armament afford, and how great would the advantage be in having 
heavy artillery on the field in anticipation instead of having to delay the 
whole army, or to act with light pieces alone. 

But in these days of rifled cannon all these advantages would be reduced 
to nil^ did we leave martello towers as they now are. Some time ago, the 
E. A. Institution issued photographs of the result of a few rounds from 
rifled guns upon some of our tow^ers which afforded melancholy evidence of 
the truth of the statement, that old fortifications cannot resist new guns. 
But let us do as suggested in the former article; let us surround the tower with 
a short steep glacis, and a corresponding deep ditch, forming a powerful ram- 
part, and surmount the tower with a cupola, whose gun or guns would sweep 
with impunity the surrounding country, and could be depressed so as even to 
sweep the little glacis, should its capture be attempted by a coup-de-main; 
and we have a work whose capture would involve considerable delay, — whose 
fall would weaken the line of defence only by the unit of its own resistance, 
which would form a valuable support to the defending army, and wdiich the 
invader would hardly dare to leave uninjured, sliould he advance into the 
interior of the country. The details of placing the cupola on such a tower 
would be simply those of placing it on the deck of a vessel ; its working 
would be simple, the small number of men required to serve the gun when 
•under so effectual a cover would leave ample magazine accommodation ; the 
cupola itself w^ould render the tower bomb-proof ; the height of the glacis 
and its steepness would save the w^alls of the tower, and to a great degree 
also the lower part of the cupola from direct fire ; and the only danger wmuld 
be a chance shot striking the muzzle of the gun, or the cupola receiving some 
^ injury, which w'ould interfere with its revolving, neither of "which are con- 
tingencies so probable as to require special provision. To this, however, w’’e 
shall again allude, when we discuss the eflect which the enemy^s bombardment 
. would probably produce on the cupolas in a fortress. We shall merely 
mention in passing that a perusal of the reports of the experiments carried 
on with rifled ordnance at Eastbourne against a martello tower, and, in a 
less degree, the similar experiments at Bexhill with smooth-bores, will satisfy 
any one that a tower unprotected by some sort of earthen bank or glacis is 
merely a target for the enem/s artillery. And the diminished expenditure 
of iron and gunpowder •whieh is required with rifled guns to produce the 
wne a^nst stonework, which a much greater amount was required 

relieves an invading army of the 
’ an amount of ammunition, as in former 
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times they would have ■■. been obliged to do; ; while at the same time it would 
encourage them to attack forts/ which they would formerly have left alone^ 
rather than expend the ammunition which they would reserve for the later 
movements of their campaign...'- 

We said that round a harbour or dockyard these towers would be found 
highly advantageous. 

Tin* the discussions between the advocates of fixed and floating harbour 
defences, the great argument used by those iu favour of the latter was, that 
a vessel could speedily steam past a fortress, and 00*61’ a small mark for the 
fire of its artillery; and that, once past, it could with impunity shell the 
town or dockyard, the entrance to which the fort was meant to defend- And 
yet. Colonel Boxer, an advocate for floating harbour defences, says and says 
truly in a paper written by him in the Proceedings of the E. A. Institution,^ 
that if in any particular case an enemy^s ship cannot attain its object until 
it has silenced the fire of a fort, then, in such a case, a permanent fort should, 
no doubt, be resorted to, in preference to a floating battery, as a means of 
defence."^ Now, as a fort at the entrance of a harbour can be easily 
passed, either by taking advantage of the night, or by great speed, and as 
the surrounding of our harbours with long lines of fortification would be 
too expensive an idea to be entertained, a happy medium seems to exist in 
the employment of towers, surmounted by large rifled guns under cupolas, 
and placed at the entrance, and at intervals round the harbour. By this 
means, the impunity with which a ship, once past the forts at the entrance 
of the harbour, could shell both town and dockyard disappears, and it becomes 
exposed to a fire concentrated on it from all directions ; from heavy ordnance 
used at ranges which constant and accurate measurement and practice have 
rendered familiar to the gunners, while the task of silencing so scattered a 
series of forts, offering a small mark, and with a diverging fire, would be too 
hopeless for it to attempt. As, however, at the entrance of our harbours, 
and on the heights round our dockyards, the soil might frequently be too 
rocky to permit of the ditch and glacis, wdiich would be used along a level 
coast ; I would suggest that the face of each tower (whose height above the 
harbour did not remove it from the eft'ect of the enemy^s fire), which would 
be exposed to the fire of ships entering the harbour, should be covered wuth 
iron plates such as many propose to cover the scarps of our large works with, 
but which in the case of the scarps would be far too expensive, from their great 
length. I consider that such a defence as this, would employ fewer men, 
and be much more destructive from the concentration of its fire, than the 
most powerful forts at the entrance of a harbour ; and, while infinitely less 
expensive, would be just as effective as lines of works surrounding the dock- 
yard ; and to this we add the already mentioned advantage of each fort being 
self-contained, and not w’eakening each other by their individual capture* 
At the present crisis iu fortification, wdien men are wavering between the 
advantages of different systems and ending by distrusting all, it is possible 
that a system, like the one just proposed, possessed of the two great virtues, 
simplicity and cheapness, might recommend itself to those interested in the 
important question of harbour defences. And as the towers could be con- 
structed in a much less time than the usual style of works, it is presumed 
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the cupola and the expense magazine^ which as on shipboard it is proposed 
to have immediately below. 

Two other questions that were raised in the critiques referred to were the 
probable effects of a shot on the working of a cupola^ and the results of 
the concussion of the firing upon the gunners within. So to speak, these 
questions were fortunately decided in the engagement between the Merrwiac 
and the Monitor; for although repeatedly hit at very close quarters, we do 
not hear that the revolving apparatus of the cupolas received any material 
injury, to prevent its working; and the question of concussion and its 
effects w’as hardly raised. I certainly heard one or two people in America 
assert that the men who manned the guns suffered from bleeding at the 
nose and ears, but the assertion lacked proof and was never confirmed ; 
while the instant order to construct many more vessels on the same prin- 
ciple seems to give a contradiction to any depreciatory rumours. However, 
it is hardly probable that with the immense amount of our mechanical 
resources, any difficulty on these two points would be too great to 
overcome. 

In fine, although as in all new plans there are difficulties which suggest 
themselves, there is no lack of means of obviating them ; and at a time 
when the fortifications at Spithead have been checked for further considera- 
tion, and w'hen indeed everything seems m transitu^ it is to be desired that 
some one of greater experience would take this question into serious con- 
sideration ; and have it pressed on the notice of the Defence Commission^ 
and^ tlirough them, of the Government. 
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0BSEBTATI0FS.lJP03!ir 'CELLISraES THAT MUST BE lOTBODHCEI) lOTO *WOBKS 
: ;::OF, BEFEHGE TO EHABLE THEM TO ' KEEP PACE ‘WITH IMPBOVEMEOTS 

, AETILLEEY- Bead at the E. A. IifSTiTicrTiON, FTor. 14, 1862. ; . 


By Captain C. S. HUTCHmSOISr, E.E. 

TBOEESSOB OE EOETIEICATIOSr, B.M.A. 

The subject wliicli the Committee of this Institution have done me the 
honor of asking me to remark upon this evening, is one which has necessarily 
occupied considerable attention for some time past, and upon which much 
has been thought and written. I propose in the following paper to notice 
briefly some of the various suggestions that have been offered, with such 
remarks as may appear necessary, trusting that many points will present 
themselves for interesting discussion. 

It will be most convenient to divide the subject into three parts, viz. — 
(1) field works, (2) permanent works, and (3) coast batteries. 

Field W'orh, 

As regards profile it does not seem probable that much change will be 
necessary, further than that the thickness of parapets should be increased as 
far as time and opportunity will allow, to resist the greatly increased charges 
carried in elongated shells. In some cases, such as in parapets on the 
brow of a hill with other hills in the neiglibourhood, w^here a low parapet of 
5 or 6 ft. high might have been formerly sufficient to cover troops from any 
point witliin range, an additional command would now have to be given if the 
adjacent hills, available to the enemy, w^ere within present ranges. 

With regard to plan, it will be more than ever desirable to direct tlie 
principal forces of WBrks so as to avoid enfilade fire, and to provide frequent 
traverses as a defence against curved fire, and segment shells. The salients 
of lunettes or other w^rks forming a line with intervals may, if the ground 
admits of it be placed at greater distances, by wiiich the points of attack 
will be reduced, and a smaller number of men suffice for the defence. 

The more frequent use of field works, particularly for the advanced posts 
of armies in the field will, it is believed, be largely called for in future cam- 
paigns, and it has been well suggested by Col. Bainbrigge, in Volume XI. 
of the K.E. Professional Engineer Papers,^^ that detachments of the engineer 
train consisting of horses or mules provided with packsaddles for conveying 
tools, each pair led by amounted soldier, should be organized for accompany- 
ing the advanced guard of an army. 

Permanent Fortification. 

Under the head of profile, the principal changes called for seem to be the 
following : — First, a large increase in the thickness of parapets, not so much 
to resist the penetration of elongated projectiles (of which we are still 
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comparatively ignorant), but as in the case of field works to render the effects 
of shells less destructive, and to have more earth at hand for the repairs of 
damages. This thickness has been made from 20 to 27 ft. in some of the new 
works at the dockyards. Some recent French works give 21 ft. Secondly, 
the lowering of the top of the scarp, so that instead of being in a plane 
passing through the crest of the glacis and the most commanding point the 
enemy can occupy within range, it may be some feet below that plane, to 
avoid the mk of any considerable height of it being breached by a distant 
cnrved fire. This will be particularly necessary where an independent w^all 
or one with a cliemin des rondes may be employed. As this lowering of the 
escarp will, if the bottom of the ditch is horizontal, render necessary a very 
high counterscarp, the bottom of the ditch may be sloped upwards towards 
the counterscarp, so as to reduce the height of the latter. With the same 
object of diminishing the risk from distant curved fire, the ditch should be 
made as narrow as practicable, so as to bring the crest of the glacis as near 
the wall as may be. 

While the lowering of the scarp and narrowing of the ditch are necessitated 
by the improvements in distant curved fire, breaching the escarp from batteries 
on the crest of the glacis will be also thus rendered more difficult. 

Captain Tyler, R.E., in a lecture delivered by him at the United Service 
Institution, in March, 1860, advocates the abandonment of the escarp 
altogether, substituting for it a counterscarp, about twice the usual height. 
By this arrangement a besieger after blowing in the counterscarp, which, 
whether it were a high or low one, would be an operation of much the same 
difficulty, wmuld have no further obstacle to overcome, and would be spared 
the danger and delay of constructing breaching batteries on the crest of 
.'.glacis.: ■ ■ 

With regard to trace, as far as flanking the ditch is concerned, it does 
not seem desirable to increase the length of lines of defence beyond the 
range of case, or at any rate of grape shot, unless it is found that the 
segment shell or some similar projectile can be made to produce equally 
certain effects at short as well as at long ranges. 

It will be absolutely essential that the flanking works, if casemated, should 
either he so placed that their walls and embrasures should not be liable to 
injury from distant fire from batteries in the prolongations of the ditches, (by 
which from the experience gained in Germany'in 1 857, and at Juliers in 1 860, 
they could certainly he destroyed), or, should it not be practicable to trace 
the ditches so that their prolongations may fall on ground that the enemy 
cannot take up, the fronts of the casemates must he then either iron plated, 
or a plan may he adopted, recommended by M. Piron, an officer of the 
Belgian Engineers, in a work called La Fortification Eclectique,'' and carried 
out, I believe, in the new works at Diest in Belgium. It consists in placing 
a mask or counterguard parallel to, and about 10 yds, from, the wall of the 
casemate, with arches running through it, the piers of which coincide with 
those of the casemate. The height of the arches is regulated so as to 
conceal the embrasures from a battery on the crest of the glacis. To prevent 
the debris of the piers^ and arches, wffien being breached, from masking the 
embrasures, a small ditch may be excavated under the front of each arch. 
M. Piron calculates that with a counterguard 20 yds. thick, it would take 
88 hours continuous firing from twq 24-prs. at a range of 400 yds., to destroy 
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me brick pier 6 ft. thick, but as he fires his guns onij five times an hour, his 
estimate of resistance seems considerably too high. The disadvantages of a 
mask of this kind are that it prevents the guns in the casemate from at all 
opposing the construction of the counter or breaching batteries on the crest 
of the glacis, and that very soon after breaching commences it must, unless 
the excavations under its arches are made of a very considerable depth, and 
the expense of its construction thereby much increased, begin to mask the 
fire of the embrasures on the bottom of the ditch. The most practical way 
therefore of protecting the front walls of flanking casemates seems to be to 
construct them of iron. Eeeent experiments have, I believe, shewn timt the 
distance between the piers at the front of the casemate may be reduced from 
12 to 10 ft. and yet allow of the working of a heavy gun ; and the question 
at present under consideration is how most economically and efficiently to 
close an opening of this width, and perhaps cover the front ends of the piers. 
I understand that the system of iron planking and cross planking as recom» 
mended by Captain Inglis is likely to prove most easy of application, and 
most efficient. 

As to the terrepleiu of works it will be necessary to provide an ampler 
supply of traverses than formerly, and to increase the distance between the 
guns, so that the merlons may oppose more resistance to the explosion of 
shells.^ In any faces or flanks which cannot by their trace be secured from 
enfilade or reverse fire, blindages of a permanent character, such as liaxo- 
casemates, must be employed. Though considerably more space than of old 
will thus be required, there can be no doubt a few guns well secured are 
superior to a larger number more exposed. If the fronts of haxo-casemates 
are exposed to fire, an iron protection would be necessary to the masonry, 
and also to the throats of embrasures. The cheeks of earthen embrasures 
will of coarse offer but feeble resistance to the accurate fire of rifled guns; 
iron shields should therefore be secured to the parapet extending a few feet to 
either side of the embrasure. A practical mode of doing this is pointed out 
by Captain Inglis in the last volume (XI) of the R.E. Professional Papers." 
Another method of securing guns on ramparts is indicated by Lieut. 
Duncan, E. A., who proposes, in a paper lately issued in the Proceedings " of 
this Institution, using for the purpose Captain Coles' cupolas. These might 
no doubt be employed with advantage at important points where great lateral 
range is required, such as salients, but they would be too costly for anything 
like general use; and one of the advantages claimed for them, that of doing 
away with the necessity of outworks, can hardly be conceded, since one of 
the main uses of the latter is to bring a reverse and flanking fire on a 
besieger who should be hardy enough to attempt the main wmrk before 
taking the outworks in front of it. Captain Inglis also, in the paper before 
alluded to, advocates the use of revolving wrought-iron screens for guns in 
salients. 

With regard to the employment of iron in escarps, the enormous 
expense (calculated by Captain Inglis at about £4 to £5 per foot super), 
would of course prevent the idea being entertained of ever using it largely 
for such a purpose. The plating of any small portion of an escarp, such as 


* As muca as 37 ft. is allowed in some of ilie new works. 
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that opposite the ditch of a ravelin, which it is impossible entirely to screen 
against a besieger^s curved fire, might however be desirable. Witliout using 
iron much may doubtless be done to render walls less easily breached than 
heretofore, by the more general use of counter-arched revetments. Captain 
Scott, E.E., suggests the construction of these entirely of cement concrete in 
the manner shewn in Yol. XI. E. Professional Papers/^ p. 238; wdiere the 
gravel and lime are abundant on the spot, an escarp of this kind can be built 
at a cost of about half the price of an ordinary revetment of brickwork of the 
same height. It is the opinion of Captain Powke, who has had great success in 
concrete constructions, that from the peculiarity of concrete, it being as it were 
monolithic, it is peculiarly adapted for the construction of escarps, as in the 
event of a large part of the front of an escarp being breached, it is by no 
means certain to bring down the superincumbent mass of the wall. Sir John 
Burgoyne is also of opinion that concrete forms so connected a mass, that it 
will bear great openings without the upper mass falling. It seems therefore 
most desirable that experiments should be carried on against concrete walls 
with a view to ascertain their powers of resisting breaching, as in the only 
ones recorded, viz. against a bomb proof in the Marshes in 1835, and 
against a wall in the United States in 1854, the concrete had not been given 
time to dry properly, and was not compounded of the most suitable lime. 

While speaking of concrete, it may be mentioned that at these same expe- 
riments in the United States, blocks of lead concrete (formed by pouring 
molten lead into moulds nearly filled with heated fragments of brick and 
stone), were used in the construction of casemate embrasures, and were found 
to offer great resistance to the fire of heavy guns at short ranges. Colonel 
Totten reported that heavy balls with high velocities penetrated into it little 
more than their diameters, moulding for themselves a symmetrical bed, in 
which they were found crushed. They caused no cracks through the mass, 
and detached only very small and harmless splinters. He considered that 
next to wrought iron, it was out of a great number of substances experi- 
mented on, the best. Similarly favourable results having I believe been 
arrived at in some recent experiments at Copenhagen, lead concrete wmnld 
seem well worthy of a trial either as a substitute for, or in combination with, 
wrought-iron in casemate embrasures. 

The remarks that have been already made will of course apply both to the 
works forming a continued enceinte, or to detached works. With regard 
to these latter, it is perhaps hardly necessary to observe that they must, if 
intended to protect a dockyard or arsenal from bombardment, be advanced 
much more than was formerly considered necessary, while their distance from 
^h other may be increased. Those now under construction or considera- 
tion according to the plan drawn up by the Defence Commission, vary for 
example in distance from the works they are intended to protect, from 2000 
to 9(M)0 yds. Their general outline is more or less that of flat lunettes, the 
gorges being occupied by casemated keeps. The drawings before you shew 
the generd arrangements of one of these works. It will be observed that 
the flanking of the ditch is obtained principally by caponiers; and it is 
conceived that one result arising from the improvements in artillery will be 
adoption of the polygonal trace in preference to the bastioned for the 
important fronts of works, owing to the far greater facility of tracing the 
work, so that the faces and eapomers may be protected from distant enfilade 
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fire^ than exists in the case of the faces and casemated flanhs of bastioned 
fronts. 

A heavy and well protected tire of artillery from a fortress will no doubt 
compel a besieger to make a more frequent use of mining operations than 
has hitherto been customary. A more general employment of countermines 
may therefore be fairly considered as another consequence of the improve- 
ments in Artillery. In the last edition of the French Aide Memoire du 
Genie/^ the construction of branches and chambers by means of borers, 
similar to those used for artesian wells, is advocated. In favourable ground 
70 ft. may be bored in four hours, and a chamber formed without difficulty 
capable of holding 400 lbs. of powder. M. Piron,in the work before alluded 
to, conceives (and probably with justice), that great advantage to the defence 
will arise from a large use of these artesian mines. 

Coast Batteries, 

With regard to the third point which it was proposed to notice, viz. 
changes in coast batteries, the use of uncovered masonry in parapets, embra- 
sures or the fronts of casemates in positions near to which an enemy^s ships 
could advance, must to a large extent be abandoned, constructions of iron, 
or of masonry protected with iron being substituted; the thickness of 
earthen parapets in similar positions must be largely increased, and shields 
of iron used, as before pointed out, for strengthening earthen embrasures. 
Positions from which any long channel could be enfiladed, and which would 
have formerly been considered too distant, might now be advantageously 
occupied by earthen or other batteries. 

The adoption of iron for casemate fronts, and of iron screens for 
strengthening earthen embrasures, disposes of a difficulty -which formerly 
gave a ship a certain advantage over a shore battery, viz. the large opening 
of the embrasures of the battery compared with the small ports of the sliip^s 
side. It now of course becomes practicable to make the one as small as the 
other. 

The exterior opening of existing casemate embrasures, which in some 
amounts to as large an area as 54 square feet, yet admitting a hori- 
zontal traverse of only about 40^, might by a Judicious use of iron throat 
pieces, combined with that of Colonel Colquhoun‘'s raised racer and ima- 
ginary pivot, be reduced to 10 square feet, or even less, without impairing 
their lateral range. 

Having now touched upon some of the principal changes in works of 
defence which appear to me to be called for by improvements in Artillery, I 
will conclude by expressing the hope that an interesting discussion may 
ensue, and by thanking the Committtee of the Institution for providing these 
opportunities for debating upon professional subjects. I do not know that 
I need apologize for the brevity of this paper, for I think that a short paper 
followed by a full discussion is more interesting than the contrary. 
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ACCOUIfT OF EXPEEIMFKT CAEEIED OK AT SHOEBTTETKESS, ON THE 29th 
DECEMBEE, 1862, AGAINST A SHIELH CONSTEUCTED ON THE PEINCIPLB 
PEOPOSED BY CAPTAIN INGLIS, E.E., EEPEESENTING AN lEON EMBEA- 
SHEE, FOE EITHEE CASEMATED OE OPEN COAST BATTEEIES. 


[CONTBIBUTEB BY CAPTAIN E. J. BEECE, E.A.] 


The target measured IV in length by in height, and caiitained an 
embrasure 3^ 6^^ high x 2^ 4'^ wide- It was composed of vertical planks 
of hammered iron of various dimensions, namely, I"" x 8^', V IV^ x 
V X 8'', V x 7'^ and 7J^^ by 6^', backed by horizontal planks of 
rolled iron, 14'' wide by 5^' thick, and secured by 3-m. screw bolts and some 
3-in. rivets. 

One half of the target represented half of a shield 12' wide, the other 
half one 10' wide. 

It was secured to a frame consisting of four vertical pieces 1' 2" x 4", and 
two horizontal pieces 1' 2" x 5", and the whole was supported at either end 
by a boiler-plate strut, having a base of 3', and made up of a web of 1-in. 
plate and angle irons 8" x 5" x 1" and 5" x 5" x 1". These struts were 
riveted to sill pieces 14" x 4", and these again secured to a cross beam 18' 
long, 11" wide, and 3" deep, and placed 6' in rear of the shield. The cross 
beam was heavily weighted, and secured at each end by a mass of masonry, 
and formed the sole means of holding the shield in its place. The boiler- 
plate strut, at the end representing the 10' shield, was made to splay out- 
wards at an angle of 15^^ from the perpendicular,* as this would be necessary 
in actual practice to admit of the required tra\mrse of the gun (70^). The 
other strut stood perpendicular to the shield. 

Between the surfaces of the front and rear, layers of Plank^s sheet lead were 
introduced, weighing 6 lbs. per foot superficial ; and under the nuts of the 
screw bolts several descriptions of elastic washers were used. Some of these 
w^ashers were of the nature of buffers, composed of 3" of india-rubber inside 
a strong wrought-iron cylinder ; others "were of coils of wire rope similarly 
confined ; and in other cases, several lead washers, and washers of iron and 
brass were used. 

The shield was made at Messrs Mare^s Works, at MillwalL 

The planks were numbered from 1 to 5, commencing on the left. 


The following guns were used in the experiment ; — 


One 120-pr. "Wliitworth. rifled gim. | One llO-pr, Armstrong rifled gun. 
One 68-pr. smooth-bore gun. 

The Mowing shot struck the shield : — 

From 120.pr.WKtwortE gun i Ob® wimd-enM solid cast-iron shot 119-5 lbs. weight. 

^ I One flat-ended homogeneous solid shot, 130 lbs. weight. 

. From HO-pr. Armstrong gun j c^t-iron shot 110 lbs. each. 

I Two solid cast-iron shot, 68 lbs. each. 

KiresoHdcast-ironshot, e71bs. each. 

Eange 200 yds. 


■* 


* This arrangement will not be required, as all shields are to be 12' wide. 
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Strnefe No. 2 plank 5*5'' from the right side and 2' 9*5'' 
from the top of the plank ; the side of the plank was 
hnlged out *5^' in a length of 1'; the indent was 
partly on a rivet ; the lead between the planks was 
squeezed out a good deal at the side of the embra- 
sure. At the back (facing the back of the target), 
immediately to right of embrasure, the top rivet had 
its end (wLdch was slightly broadened or bevelled) 
chipped off. A through bolt, to right of embrasure 
(i.e, No. 2 bolt from top in that row), had a thin 
iron washer bruised over the nut j a through bolt, 
No. 2 from the top of the right row of all, had the 
lead washers pressed out a little ^ a through bolt. 
No. 3 from, top of right (the same row), had its nut 
worked loose. 

Struck No. 1 plank 4'^ from the right side and 1' 6*5" 
from the top j the plank was driven in 1*25" at the 
top and forced out *6" from plank No. 2 ; a narrow 
crack extended from the right edge of plank to the 
top of indent ; the indent extended for *5" on to 
plank No. 2, the edge of which was bulged in for a 
length of o". At the back, a small rivet head 
holding an iron strap or band against angle iron 
inside top of right strut, broken off. The lead 
washers of through bolt. No. 2 from top of right 
row, more squeezed up, or compressed j angle iron, 
uniting to right strut, very slightly bent or curved 

Struck plank No. 4, 4" from the left side and 2' 5" 
from the top ^ the shot struck partly on No. 3 plank, 
which was bulged *5" for a length of 6"; No 4 plank 
started out *5" from No. 3 ; *6" broken off the fkce 
of the lower right-hand rivet over the embrasure. 
At the back, rivet at bottom of embrasure, left side, 
head scaled off ; lead lining between backing and 
plank, squeezed out on left side of embrasure. 

Struck at the junction of plank No. 3 and the plate 
over embrasure, and 1' 3*5" from the top, 4" of 
indent being on No, 3 plank; a small crack from the 
edge of plank, and one *9" long, on the centre of 
indent. At the back, no damage visible. 
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Struck No. 6 plank 4" from the top and 3*6" from 
the left side; indent on plank No. 4, 1*1"; No. 4 
plank was bulged at the side for a length of 6*7", 
the greatest width being 1*5"; plank 6 was driven 
in *5" at the top for a length of 6" and was cracked 
at the top for a length of 6" from the indent towards 
the right side, the crack being at 1" below the surface 
of the plank. At the back, lead washer of upper 
through bolt, 2nd row from left, compressed and 
broken. 

e' 

110-pr 

Arm- 

strong 

'cast-; 

iron 

110 

I 

i 


u 

1 . 

I 1 
1 

[■■■■■■ 

w 


12'E 

1*06 

7* 

Struck No. 1 plank 6*76" from the left side and S' 6" 
from the bottom; the plank was cracked through 
its thickness at the side, extending 1*1" into the 
plank which was also bulged out at the left side *25" 
for a length of 8" ; one holt above indent sorted *2", 
At the back, four small rivet-heads off, on outside 
angle iron of stmt (next the target) ; small rivet- 
head off side brace, at base of stet (inside) ; also 
small rivet of strut broken. 


♦ Service shot 
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Effects. 


Projectile. 


Bemarks. 


14 23 200 12^B 1-15 7-5 x 7 Struck Ko. 2 plank 84" from the left side and 4' 1" 
from the top . N o damage visible on the front beyond 
indent made. At the back, IJiTo. 2 rivet from top 
right of embrasure, started about -I". "Washer of 
I through bolt below it, squeezed up slightly. 

w jj »> l*lo 7*26 Struck Ko. 3 plank, 2' 9" from the top and 7*S" from 
the left side, partly on a bolt-head; the bolt-head 
below the one struck, driven in *25". At the back, 
the lead between planks and backing, to left of 
embrasure, a little more pressed out- 

16 15 „ 8'B 2*3 8‘25 Struck the left edge of Ho. 1 plank 3' 4*5" from the 
top, 6-25" of indent being on the plank ; the plank 
was cracked on the inside in two places in rear of 
indent for a length of *5" At the back, exterior 
angle iron (right strut), slightly cracked; and bevelled 
backing piece (allowing ibr slew of strut) cracked 
through. 

„ „ „ 9^E 2* ... Struckat junction of planks 1 and 2, 7" of indent being ; 

on Ho. 1 and 1*8" on Ho. 2, the indent being 2' 1" i 
from the bottom of the shield. At the back, through 
bolt, Ho. 2 from top, right of embrasure, thin iron 
and lead washers set back a little over the nut; 
wire washer worked in a little under the lead between 
the lead and the screw of bolt. 

119*6 E, E. 16*5 20 5 , ,j nil. 1*8 7* Struck plank Ho. 1, at 3*75" from the side and T' 

f above last round, measuring from centre to centre 

of indent; no damage to the shield either at front 
• or back. ■ ' ■ 

130* F, E. 13*5 25 18 „ „ 2* 9*6 Struck Ho. 2 plank, 8" of the diameter of the indent 

§ being on the plank ; the left edge of the plank was 

bulged out 2" in a length of 7*5"; the shot broke up 
into several pieces. At the back, brace lowest but 
one, inside of right strut detached, and its tw'o rivet- 
heads broken off ; rear part of strut itself at foot, 
slightly shaken; slight widening between adjacent 
parts of planks and supports in vicinity of blow. 


7 llO-pr cost- 110 
Arm- iron, 
strong. 


11 120-pr 
Whit- 
wbrih. 


f Bound-ended. 


I Homogeneous metal. 
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CEMEAH MMOEIAl FDjST). 


The followiiig paper relating to tlie Crimean Memorial Fund’* lias been 
recently transmitted to ail Subscribers witliin reach, under llesoliitioii II. of tiie 
Generd Meeting of August 21st. ■ . ■ 

JExj^lamtory Statement, AnotrsT 186 *> 

1. The sum raised from all sources for tie Eoyal Artillery Crimean 
Memorial Fund including the munificent donation of £2000 from two 
ladies^ a contribution of £150 from Her Majesty and the late lamented 
Prince Consort^ and accruing interest, amounted on the 30th June, 1862, to 
£4028. 

2. After unsuccessful endeavours to procure the foundation of a local 
Institution for the benefit of soldiers^ widows and orphans, it was resolved 
by a General Meeting, held at Woolwich, 26th April, 1858, to devote the 
whole of the donation of £2000 and what more might be necessary, to the 
purchase of eight perpetual presentations to the Soldiers^ Daughters 
Home at Hampstead, and with the remainder to erect a monument on the 
Eoyal Artillery parade ground, at Woolwich. To these arrangements, being 
a deviation from the original design, it was necessary to ask her Majesty^s 
approval, which was graciously simified through Colonel Phipps on the 
lOthxApril, 1858. 

3. A Eesolution of 27th April, 1858, prorided, — 

That the surplus if any, after deducting the snm of money set apari for the 
monument, should be appropriated to such charitable purposes as may 
hereafter be decided on.” 

4. The design of Mr Bell, E.A. was selected by a majority of votes at a 
General Meeting on 8th January, 1859, and a sum of £672 provided in the 
votes of 1858-9, representing the value of Eussian gun metal, granted by 
the Government for the execution of it. Tliis monument, a figure of Honor 
of heroic size, was erected in January, 1862. 

5. It was originally expected that the casting might be performed in the 
Eoyal Arsenal, and in consequence of the non-fulfilment of this expectation, 
the following Eesolution w^as carried unanimously at a General Meeting on 
15th February, 1862 

“ That the sum of £200 be presented to Mr Bed the sculptor, over and 
above the sum of £1500 guaranteed to him for the Statue designed, 
executed, and erected by him, in consideration of his having been led to 
expect that the casting would be done in the Eoyal Arsenal.” 

On the same occasion, at the request of Major-General TuEoh, the 
Committee of which he was President, was relieved from its duties, and 
the following Committee formed to carry out further details, and to take 
charge of the balance remaining in the Treasurers hands for any further 
outlay. 

Beetet-Colonel LEFEOT, E.A. 

^ LiEXJT.-CoLONEii HENEY, EHA.- 
' ' ' ^ “ Majge AHDEEWS, R.H.A 
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6. The original intention of Mr Bell was to place the Statue facing souths 
in front of the centre archway^, at about 30 ft. distance^ and to lay out the 
entire front of the parade on a regular design, introducing guns and other 
trophies in harmony with the architectural features of the building : when 
the pedestal came to be erected, it was deemed that this situation would 
obstruct the parade, and it was placed on the site originally occupied by the 
Bhurtpore gun, wMch was moved 28 yds. forward, the Statue facing the 
Barracks. A majority of subscribers present on the 15th February, 1862^ 
being of opinion that the first position was the best, it was contemplated to 
appropriate the greater part of the balance in hand to the removal of the 
monument if the permission of the Commander-in-Chief could be 

obtained. H.R.H. did not approve of the change, pd signified in the 
following letter his opinion in favour of leaving it where it now stands, which 
decision the Committee and Subscribers present have respectfully accepted as 
final, 

Memoval of the Orimean Memorial Statue from its present site to a 
position within 25 or 30 feet of the Centre Areh, B,A. Barracks* 

COMMASDAirT’S OSEIOE, 

"Woolwich, May 16 , 1862 . 

Sra, 

In reply to your letter of the 24th April, and its enclosure from 
Mr Bell on the subject stated in the heading. I am directed by the Major- 
General Commanding to request you will be good enough to inform the 
Committee of the Crimean Testimonial Fund, that the letters were laid 
before His Eoyal Highness the General Commandmg-in-Ghief, and that on 
bis recent visit to Woolwich, His Eoyal Highness gave his personal atten- 
tion to the subject. 

Having examined the Statue on its present — ^and after inspecting the pro- 
posed site — His Eoyal Highness expressed his opinion in favour of leaving 
the Crimean Memorial where it now stands : first, on the grounds that he 
deems it a great ornament to the front of the Barracks; and secondly, that 
its removal would cause a considerable encroachment on the available parade 
ground. His Royal Highness regretted therefore that he could not concur 
in the views of the Committee. 

Sir Richard Dacres desires me to convey this opioion of the Oommander- 
in-Ohief through you to the President and Members of the Committee. 

I have the honor to be. 

Sir, ^ 

Your most obedient Servant, 

GEORGE T. FIELD, Major, 

Major Andrews, E.H.A., Dep.-Asst.-Qr.-Mr.-Gen. 

Secretary and Treasurer, 

Crimean Testimonial Fund. 


7. A General Meeting was held 21st August, 1862, to consider what 
should be done with the biance, 

Mi|or-Gbier4 Sir IL Daobes, in the Chair, 

when the following Resolutions were successively put, and carried unani- 
mously : — , 
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Moved ly Colonel Lefroy^ seconded ly Colonel Sir David Woody K.G*B. 

1. “H.E.H. tlie ConiiriaTider-m-CMef haTing witliheld Ms consent to tlie 
proposed removal of the Giimean Memorial Siatne from its present 
position to tlie position originally intended by tlie Sculptor, in front of 
the Central Arch, the Subscribers present are of the opinion that the 
best use of the balance in hand will be to appropriate a sum not 
exceeding iS60 to the improvement of the base of the Statue, and tlie 
remainder to the erection of three Crimean Memorial Windows in the 
Chancel of the New Garrison Church.” 


Drojposed ly Major-Geneml Sir M. DaereSy KC.B.y seconded ly Colonel 
Sir David JFoody ILS.A. 

2. ‘‘The foregoing Eesolntion to be printed, together with the balance sheet 

of the accounts, and a condensed explanation of the present position of 
the Timd, and transmitted to every sidiscriber in Great Britain, America, 
and the Mediterraiiean, with a blank form on which to communicate 
his assent or dissent. A majority of votes, to be vended at a futuire 
General Meeting, to decide whether the Memorial Windows shall be 
erected.” ■ ■ ' 

Lieut.-Colonel IIENBY, To be scrutineers, 
Majob EIELB, > to report to the 

Captain EOEBES. ) Meeting. 

Froposed ly Sir R, Dacres, seconded ly Major Field. 

3. “That the duty of selecting Orphans for the Presentations to the “Home” 

at Hampstead, be confided to the Committee of the Eegimental Cha- 
ritable Eund, preference being always given to orphans of soldiers, who 
served in the Crimea, or have died on active service elsewhere ; a com- 
munication to be addressed to the several Brigades with a view to the 
names of candidates being brought forward in good time.” 


Moved hy Captain Forles, seconded ly Major Milward. 

4 . “ That the attention of the subscribers be called to the Eesolution of 
27th April, 1858, that they may be fully informed of the intention of 
the Subscribers then present, with regard to the balance of the fund; 
and as the balance is so small, that it is proposed to set the resolution 
aside in favour of the present proposal. That steps be also taken to 
circuhite a photograph of the Statue, and of the proposed Memorial 
Windows in the Church, for the information of Subscribers.” 

On the 31st December, the Scrutmeers appointed at the General Meeting, 
proceeded to examine the answers received^ and declared the vote as 
foUows : — 

Against the appropriation of any part of the balance for Memorial ‘Windows 80 

In favour of the appropriation 186 

Eeceived since €> — — 141 

Majority 111 

Steps will accordingly be taken by the Committee to carry out this decision. 

J. H. LEEEOT, 

For the Committee. 


4tli JantuuT, 1868. 



Hotb.— A subscription since received and tbe My dividend, bring fcbe balance up to about £S37, 
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ON THE APPLICATION OF EIPLED ■ CANNON TO THE OPEEATION OP 

BEEACIMG FJ^SEEK DEFENCES 

BY HIGH ANGLE EIBING. 


By Colonel LEEEOT, B.A., IHl.S. 

1, The present notes have reference to a question ivliicli arose on one 
of tlie preceding j)aperSj when it was read a few w’eeks since at this 
Institution, and 'vrhieh was expressed in the following terms, What is the 
greatest amount of carve that can be given to the Armstrong projectile, still 
preserving its power of penetration, and limited to what range The 
question had reference to the practicability of breaching masonry concealed 
by earthwork in front of it : as for example in firing over the crest of a 
glacis against an escarp unseen j and it is evident that in replying to it we 
must take the case of some particular projectile, and assume some definite 
resistance. For reasons which will presently appear, the 12-pr. and 20-pr. 
guns may be at once given up, as too light for the task. I shall assume 
therefore that the battering gun is not less in calibre than a 4j0-pr., and 
the escarp built of good brickwork. 

2. In this form the question is. "What are the smallest 40-pr. charges 
wdiich will secure a serviceable degree of penetrating power at given distances ? 
To have a considerable descending angle we must have high angles of eleva- 
tion. To combine high angles of elevation with a limited range we must 
use a small charge ; the smaller the charge that will do the work, the lower 
in vertical descent may we go, and the greater the choice of position for the 
battery. The famous experiments made in this garrison by order of the 
Duke of W^ellington, in 1822 and 1824, furnish the first and most obvious 
standard of comparison. 

The experimental practice of 1822, it will be remembered, was at a screen, 
and chiefly intended to furnish data for an actual operation of breaching. 
I extract an account of it from a manuscript in my possession in the hand- 
writing of the late Sir Alexander Dickson, a name never to be mentioned by 
the Artilleryman without honour. It seems to be the draught of a report, but 
whether of a report actually rendered does not appear. Eeferriiig the reader 
to the Appendix (p. 239) for this document, it will be suflicient to say that it 
concludes by stating that the 10-in, howitzer, 8-iri, howitzer, and 68-pr. 
caiTonade had proved themselves the most efficient pieces for this description 
of fire, and by recommending further experiments with them against an 
actual CarnoFs wall. The angle of elevation was to be 15°, and the charges 
adjusted accordingly; however, as we shall see presently, it was not actusmy 
so great. The wall was erected in the,'' summer of 1823. It was 21 ft. higl,^ 
7 ft. thick at the bottom, and 6 ft. thick at the top, with a frontage of 30 ft., 
[VOL, HI.] ' '''O 
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strengtliened at either end by a counterfort 4 ft. square, there was one loop- 
hole about the centre. It was covered by a counterguard of earth of the 
same height, the crest of which was 60 ft, distant : as shewm by the annexed 
section. 


Scale for the profile or 40 feet to 1 inch. 

ti. In the instructions to the officer commanding the battery, the object of 
the experiment was stated to be determine whether the detached wall, which 
is covered by a counterguard, and not visible from the batteries, can be breached 
so as to render an assault practicable/^ The instructions go on to say, (2) 
ordnance used are 10-in. and 8-in. iron howitzers, firing live shells filled with 
powder, and 68-pr. carroiiades firing solid shot. (3) The howitzers and 
some of the carronades are on garrison carriages placed on raised traversing 
platforms, solely with the view of raising these pieces to the correct level ; the 
rest of the carronades are merely on garrison carriages placed on common 
platforms, the difference of level being disregarded. (4) The ordnance are 
all proposed to be fired at an elevation of 15® above the crest of the counter- 
guard, and the charges, which will not be changed, are regulated accordingly, 
as the shot and shells are wished just to graze the crest; the elevation will be 
varied in any trifling degree to accommodate itself to this intention, but when 
the exact elevation for each battery shall have been determined by careful 
observation of the first few rounds, this elevation will be steadily adhered to 
during the whole firing, , . (8) The batteries will as much as possible be 
fired in salvoes, this mode of firing being evidently the most favourable for 
breaching the wall. (9) The fuzes for the shells are intended to be so cut 
as to ensure that the shells strike the wall before they explode. , . • ” 

4, The report of the practice has been printed by Sir Howard Donglas 
in his "Observations on Modern Systems of fortification” (1859), but as 
that work may not be at hand, I reproduce it in the Appendix, p. 242. 
The ranges, elevations, and charges were as follows : — 

!!!liTe8 lO-in. iron howitzers at 600 yards; charge llb.Soz., elevation 12^°, reduced on the 
third day of practice to 1 Ih. 2 oz., elevation 13f°. 

Three 8-in. howitzers at 400 yards ; charge 11 oz., elevation 13|°. 

Eight 68«pr.©arTonad^ firing shof^ at 400 yards ; charge 1 lb. the first two days, reduced to 
14 oz. the third day ; elevation 13° to 14°. 
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effect on the wall, being about one seventh (0*146) of the whole ; out of the 
remainiug 2945 rounds, 1000 took effect on the counterguard, and 608 on 
the rampart behind the wall; the breaching effect is entirely due to the 491 
rounds which struck the waB itself. Many shots were noted to pass a little 
to the right or left which would have struck a defence of less limited front- 
age, and have contributed to the result. 

One hundred rounds per piece, 1400 in all, made a practicable breach 
14ft. wide; 50 more rounds per piece, 2100 in all, made the breach com- 
plete in every respect. The rubbish was then cleared away both before and 
behind, when 85 rounds per howitzer, and 100 per carronade (1910 rounds) 
completed the demolition of the part which remained, 

5. Such then having been the effect produced by shot weighing 66*2 lbs., 
and shells weighing respectively 90 lbs. and 48*5 lbs., fired with low velocities, 
let us proceed to compare their effective powers with those of our existing 
rifled cannon projectiles. It is necessary for this purpose to ascertain their 
initial velocities, which has been done by Lieut. W. H. Noble, ll.A., with 
Navez electro-ballistic apparatus, as follows : — 


Table I. 


Nature. 

Length of 
bore and 
chamber. 

Calibre. 

Shot or 
shell. 

Charge. 

Initial 
velocity V, 


in. 

in. 

lbs. 

lbs. 

oz. 

ft. 

6S-pr. carronade 

61-7 

8-05 

68*2 

1 

0 

323 

lO-in. howitzer... 

. 67'2 j 

10-00 

00-0 

1 

3 

306 

S-in. howitzer... 

45*7 j 

8-00 

• 1 

48-0 

0 

11 

288 


The next table contains the value of Wv^ for each of the above projectiles, 
and the velocity which will give the same value for the 40-pr., 70-pr., 7-in. 
howitzer or 110-pr. gun, and 7 -in. mortar shells. Here v is the remaining 
velocity on impact. 


Table II. 


Nature. 

Smoothbores. 

Eq[uivalent velocity for rifled 
common shells. 

W 

1} 

9 

40-pr. 

70-pr. 

74n. 

mortar. 

7-m. how- 
itzer or 
110-pr. gun 


lbs. 

ft. 

tons. 

ft. 

ft. 

ft. 

ft. 

68-pr. carronade. 

66-2 

284 . 

73-8 

362 

278 

246 

226 

lO-in. howitzer... 

90-0 

2S3 

80-0 

377 

289 

266 

236 

S-Sn. howitzer... 

48*6 

245 

40-6 

1 

269 

190 

182 

168 


6. "We see at once that very moderate velomties will give 40-pr. common 
shells and still lower velocities give70-pt. or 110-pr. common shells, breach- 
ing powers winch measured by equality of shall be on a par with those 
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employed in the experiments of 1824 ; their relative powers are not in fact 
expressed by this simple comparison; but the corrections, as we shall see 
below are all in favour of the rifled projectiles, it remains to enquire what 
are the charges which will give these velocities, and to ascertain whether such 
charges are compatible with liigh angles of elevation, and high angles of 
descent, at moderate distances. 

The following Table contains a number of observations which have been 
made of the initial velocity of shells fired from rifled ordnance with very 
small charges. The observations were made and the results calculated by 
Lieut. W.H.Xoble,E.A, 


Tabm III. 











llO-pr, 
7-m. ho-ft 

gUBj 

■7-m 



Decimal 

12-pr, 

ll-761bs. 

20.pi 

21‘5 Ifc 

, 

4)0-pr. 

70-pr. 

itzer 

mortar. 

value 

9. ^ 

40*6 lbs. 

69-62 lbs* 

103*87 lbs. 

87*66 lbs. 

€ 







■ 


, 


















. 'p . 

Charge. 

r 

Charge. 

V 

Charge. 

V 

Charge. 

r 

Charge. 

r 

Charge. 

r 


lbs. oz. 

ft 

lbs. oz. 

a 

lbs. oz. 

ft. 

lbs. oz. 

ft. 

lbs. oz. 

ft. 

lbs. 

oz. 

ft. 

0114 











1 

0 

287 

’0201 







... 

... 

2 0 

407* 




0213 

0 4 

404 







• •• 





•0218 

--- 


0 7-6 

360 

0 14 

iii 

1 7-3 

408 

2 3-5 

397 

2 

14 

395 

•0228 











2 

0 

406 

•0248 

■ ■■ 


0 8-0 

397 

1 0 

449 

1 10-8 

440 

2 8-5 

441 

2 

1 

441 

^0318 

0 6 

600 

... 

1 










•0342 


... 


... 







3 

0 

498 

•0386 


... 


• 1 





4 *" 0 

576* 




•04B5 

... 

... 



1 12*6 

630 


... 






•0460 

«*. ■ ' 






... 


" 


4 

0 

675 

•0570 


... 




... ^ 





6 

0 

647 

•0638 

0 12 

706 

*•« 











•064-8 



*** 

■ 

2 "‘lO 

806 ^ 








•C»84 

•mi 

1 “* 0 : 

1 

962 


... 


... 

... 

... 

... 


6 

0 

,704 


7. It appears that a charge of one forty-fifth the shell’s weight is 
sufficient to give an initial velocity of about 400 ft. a second to all these 
projectiles except the 20-pr, shell, which takes rather more : we have seen 
above that no shell of 40 lbs. and upwards requires so high a velocity as 
400 ft. to contain a greater amount of vis viva than any of the shells employed 
in 1824. It now remains to be seen whether so small a charge is compatible 
with uniformity of range and accuracy of direction. The following Tables 
contain the results of actual practice made under the direction of the Ordnance 
Select Committee to determine the point. Two charges were fixed on for the 
40-pT., namely 14 oz., which is rather more than one fiftieth (-0216), and 1 lb. 
Two charges in the same proportion to their respective shells were fixed on for 


. * lio-pr. gvn is not likely to be put to this serrice, bnt I have included mtli the 
V-Im* howftlier, two detenninations wift Urn piece, wHoh is 24 inches longer in the bore than 

w® fcowifew, Ijut m m otter rwpectu tpitli it. 
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all tlie other pieces. The ranges of the differetit pieces differ perhaps more than 
might have been expected under such circumstances, owing no doubt to the 
unequal capacity of the different chambers, and the differences in tlie lengths 
of the guns, but they are far more regular than those of smooth-bored pieces 
with reduced charges; and they concur with the previous observations given 
in the lieporfc of the Ordnance Select Committee, which I am permitted to 
quote ill the Appendix, p. 246, in proving the great superiority of rifled ord- 
nance for this as for almost every other service of war. A Table will also be 
found in the Appendix, p. 251, giving the elevations for each 100yds. declueible 
from this practice. That the pieces employed are very unnecessarily heavy for 
the duty, will occur to every one. The same reasons which led to the employ- 
ment of smooth-bored howitzers under certain circumstances, instead of guns, 
will when rifled gunnery attains its Ml development, cause rifled howitzers 
to be added to our material, to throw shells with small charges for high 
angle firing, and to occupy positions which do not require or cannot take, so 
large and costly a piece as a rifled gun of the intended calibre. 

When we make rifled pieces for charges not exceeding those usual with 
howitzers, it will scarcely be necessary to make them of wrought-iron, cast- 
iron will probably be strong enough for such purposes — the questions there- 
fore opened up by this enquiry embrace a wider field than is perceived at first 
glance. 


Table IT. 


Date. 

!|3 

na 

§ 

u 

Cm 

o ; 

6 





20-pr. 




Elevation. 

Charge. 

Mean reduced 
time of flight. 


Banges. 

Mean difl’erence 
of range. 

Mean observed 
deflection. 

Mean reduced 
deflection. 

Min. 

Max. 

Mean. 

1863. 

. 

o 

lbs. 

sec. 

yds. 

yds. 

yds. 

yds. 

yds. 

yds. 

Jaruiarv29 

6 

8 

0*469 

3*92 

373 

451 

413 

18*4 

0*80 

0*44 

February 5 

6 

10 


4*31 

441 

486 

469 

12*0 

8*44 

0*41 

■do. 

5 

12 


4*95 

459 

■ 647 

510 

30*0 

8*76 

0*68 

February 9 

5 

16 


8*02 

607 

646 

628 

12-2 

5*06 

0-76 

January 29 

5 

8 

0*535 

4*20 

486 

619 

494 

21*2 

0*84 

0*36 

February 5 

6 

10 


5*02 

608 

601 

643 

27*6 

9*12 

0*30 

February 9 

6 i 

n. 


6*00 

[ 689 

606 

648 

35*6 

4*84 

1*56 

do i 


16 

39 

6*82 

647 

722 

694 

21-0 

4-38 

1*(B 

Table Y, 




40-pr. 

January 29 

S' 

8 

0*876 

4*28 

614 

636 

626 

7*6 

2*04 

0*60 

February 5 

5 

10 


4*16 

560 

690 

626 

46*2 

1*72 

0*42 

do 

6 

12 


6*89 

675 

721 

663 

41-4 

2*36 

0*68 

February 9 

S 

16 

« ' 

7*11 

780 

830 

799 

12*8 

0*88 

0*90 

Janmry 29 

s 

8 

1*000 

4*65 

676 

634 

616 

18-4 

1*80 

0*48 

FebraairS 

s 

10 


6*23 

680 

714 

699 

7*6 

1*68 

0*38 

February 9 

6 

12 


6*56 

813 

861 

«839 

18*0 

1*66 

1*06 

do ' ...... 

1' 6 

15 

. »> ■ 

7-66 

965 

1003 

999 

m 

1*12 

1*4^; 



^ Mean of four rounds. 
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Table YI. 


Date. 

m 

•X) 

o 

u 

*0 

i 

1 

m 

70-pr. 

Charge. 

Mean reduced 
time of flight. 

Kanges. 

Mean difference 
of range. 

Mean observed 
deflection. 

Mean reduced 
deflection. 

Min. 

Max. 

Mean. 

1863. 


o 

lbs. 

sec. 

yds. 

yds. 

1 yds. 

yds. 

yds. 

1 yds. 

February 9 

5 

8 

1-461 

4-06 

458 

612 

481 

19-0 

1-72 

0*14 

February 11 ...... 

6 

10 


4-70 

614 

547 

637 

9-4 

1'80 

i 0-24 

February 9 

6 

12 


6'66 

645 

654 

1 616 

33-2 

1-72 

I 0-10 

do 

6 

^ 15 

}) 

7-23 

760 

, 905 

j 818 

42-6 

4-60 

; 0-40 

do 

6 

8 

1-672 

4-22 

630 

678 

643 

14-0 

1-60 

' 0-32 

February 11 

5 

10 


6-24 

648 

! 698 

I 665 

15-6 

1*32 

. 0-38 

February 9 

6 

12 


6-07 

725 

; 835 

j 791 

44*0 

2-44 

0-52 

do 

5 

15 

^ JJ 

7-88 

948 

990 

' 969 

9*5 

6-80 

0-24 




Table YII 











7-in. howitzer. 




1863. 





















January 28 

5 

8 

2-21fl 

4-16 

431 

616 

486 

29-8 

3-24 

0-12 

do 

6, 

10 


6*04 

571 

611 

699 

17-2 

5-52 

0-66 

do 

5 

12 


6-75 

688 

664 

629 

28-8 

7*80 

0-64 

do 

6 

16 


7-46 

840 

912 

877 

20-2 

13-00 

0-48 

do 

6 

8 

2-535 

4-42 

673 

597 

681 

6-0 

3*88 

0-62 

do ...... 

6 

10 


6-18 

604 

670 

636 

22*2 

6-48 

1-22 

do 

6 

12 


6-32 

728 

841 

803 

30-6 

9-56 

0-84 

do 

5 

15 


8-08 

991 

1128 

1059 

63-2 

15-88 

0-82 

Table YIII. 







7-m. mortar 




1863. 





















January 28 

6 

8 

1-879 

4-32 

485 

624 

607 

12-4 

2-92 

1-38 

do 

5 

10 


5-23 

620 

664 

636 

11-4 

3-32 

3-18 

February 4 

5 

12 

a) ' 

5*94 

642 

762 

696 

25-2 

6-04 

4-66 

do 

6 

16 

aa 

7-34 

794 

874 

836 

24-2 

3-84 

2-36 

January 28 

6 

8 

2-148 

4-60 

645 

611 

692 

18-4 

3-52 

3-44 

do 

6 

10 


6*30 

637 

712 

678 

30*2 

3-88 

3-60 

Febraary 4 ...... 

6 

12 

aa 

6*34 

758 

832 

798 

24-4 

3-08 

2-42 

do 

6 

15 


8-02 

938 

1022 

977 

27-6 

4-28 

4-68 


B. The foregoing comparison takes no account of the difference in the 
velocity of the smooth-bore and rifle shells on striking, of the difference in 
their diameters, or of the aid to penetration afforded by the rotation of the 
rifle shelly v?hen it strikes point foremost. According to the Prench experi- 
ments the resistance to an elongated projectile is only two4hirda of the 
resistance to a sphere (Didion, §W7), and the penetration of a round shot and 
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an elongated shot of the same weight striking with the same velocity into 
eartli or masonry, will be as ^ to practically it is hardly worth while to 

encumber the question with these considerations, for which we have in- 
sufficient data; so far as an inference may be drawn from a limited number 
of good penetrations observed in demolishing the two martello towers at 
Eastbourne* and BexhiU,t in 1860 : rifle shot certainly penetrate in a 
higher ratio than would be given by the rule — Directly as vis viva, inversely 
as the square of the diameter ; " bnt those rifle projectiles had a velocity 
more than double the velocities we are eontemplatmg, and a proportionably 
more rapid spin. I think it is sufficient therefore to point out that the low 
velocity shells from rifled guns will doubtless on the above grounds, have an 
advantage over spherical projectiles ; but to what extent can scarcely be 
stated in the absence of direct experiment. Their greater capacity for burst- 
ing powder is obvious, and greatly augments their relative effect. 

9. This superiority does not rest entirely on hypothesis. The Prussian 
Government two years ago took advantage of the demolition of the Portress of 
Julich or Juliers, to make certain experiments bearing upon the present 
enquiry on a large scale; unfortunately, while it duly occurred to the British 
Government that this was a very important military operation, and advantage 
was taken of the friendly permission of the Prussian authorities to send 
Engineer Officers to witness it; it seems to have been overlooked that it was 
equally an artillery experiment, and no British Artillery Officer was sent 
there. We have however a very full account published by Captain Weigelt, 
Commissioner from the Braiidenberg Artillery, and which has been translated 
by Lieutenant de Cetto, E.H.A., from whose MS. I extract the following 
particulars : — 

Expeeiment 1 . — 17th September, 1860. 

Two brass l£-prs. rifled, calibre 4*674 English inches, firing shells of 27 lbs. 
at 1072 yds., charge about 2*1 lbs., breached a brick wall 2 ft. 9 in. thick 
in *32 rounds (16 per gun), of which only 8 took effect. The profile of the 
work ii ’ • — . - 


Pig. 1. 

The wall was 7 ft. high, and completely covered by a counterscarp 90 ft. 
distant ; but of such trifling relief that the angle of descent did not neces- 
sarily exceed 5® ; as two feet of the base of the wall were covered by the 
counterscarp of its own ditch, the space to be breached was reduced to 5 ft. 
in height. 


^ Eeport of Breaching Experiments at Eastbourne. (Special Paper, Sept. 8, 1860). 
t Vide VoL 
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Expeeimbnt 2. — 17th September, 1860. 

Eour iron 12-prs. rifled, with the same charge and projectile made an 
opening 10 ft. wide and 6 ft. high in a brick wall 4 ft. thick at 1105 yds. 
The expenditure of ammunition was 64 rounds (16 per gun), but only 47 
shells took effect. The profile of the work is shewn in Fig. 2. 



The wall was 11 ft. high, of which 1| foot was covered, and the w^hole 
was hidden from view by a parapet 13 ft. 6 in. high, at a distance of 105 ft. ; 
requiring slightly larger angles of descent than in the first experiment, but 
still not exceeding 6°. 


Expeeiment 3. — 17th September, 1860. 

The two brass and four iron 12-prs. of the preceding experiments were 
employed to breach a w^all at 694 yds. distance. It was 7 ft. thick and 14 ft. 
high, supported at intervals by counterforts 4 ft. thick, and covered from 
view by the crest of a glacis at 135 ft. distance, as shewn in Fig. 3. 


Fig. 8. 



In this case it was not even necessary to diminish the service charge, and a 
complete breach was effected with an expenditure of 132 shells, the descend- 
ing angle being under 3^. 

If we compare the above profiles with the profile of the Carnot ■wall 
breached at Woolwich in 1824, it will be seen that they prove but little as to 
the capabilities of rifled guns for the service under consideration. The w^alls 
were slighter than will often be met with, the great distance and the slight 
relief of the covering works permitted the employment of charges and 
angles of descent which deprive the problem of all practical difficulty. 

So far as they go however, they concur with what has been advanced 
above, to shew that caponnieres and concealed or sunken escarps derive no 
additional value in fortification from the introduction of rifled guns, which 
are quite as capable of breaching them as the smooth-bored ordnance 
employed so successfully for that purpose in 1823, and will do it under 
great advantages from their greater uniformity of range and the larger 
bursting ohvge of the sheis. 
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APPENDIX. No. 1. 

COPY OP A BBAYGHT OP EEPOEP OP, AN EYPEEIMENT AGAINST A SCEEEN 
EEPEESENTING THE WALL OP A POETEESS, ACOOEBING TO GAENOrS 
SYSTEM. BATEB WOOLWICH, OCTOBEE 24, 182S. 


1. The experiment commeaced on the End August, 1822, and continued 
till the 24th September following, during which period 1167 rounds of 
ammunition were fired from the following natures of ordnance, viz ; — 

Length, Weight, 

ft. cwt, qrs. lbs. 

24-pr.,i2*oni, ...... ........ 9 48 0 0 

8-in. howitzer, iron. ... 4 20 2 3 

68-pr. caiTonade 6 38 0 0 

10- in. howitzer, iron.,. 6 39 2 20 

8-iii. mortar, iron 8 1 0 

These pieces were each fired at ranges of 400 and 500 yds. distance from 
the crest of the couiiterguard in front of the wall, 

2. The following is a statement of effect of the total number of 1167 
rounds fired : — 

Bounds. 


Grazed short 417 

Took effect on wall 377 Bather less than one third- 

Went over wall 373 


Total 1167 

Of tbe number of 377 rounds that took effect on the wall 116 rounds 
struck the wall at or below 12 ft. from the top, being only one-tenth of the 
number of rounds fired ; but in stating this unfavourable result, it is necessary 
to observe that every allowance is to be made for loss of effect, by frequent 
change of the pieces of ordnance used, as well as alteration in the charges, 
elevations, and stations they were fired from, particularly in the commence- 
ment of a difficult operation, when many of the rounds were thrown away in 
experiments as to the best charges- 

3. Por the purpose therefore of forming a just opinion of the effect of 
this experiment, it is requisite to take it into consideration, in three points of 
view, as follows ; — ■ 

(1) The individual effect of each piece of ordnance. 

(2) A comparison of effect from 400 yds., and from 500 yds. 

(3) With regard to the best angle of elevation to be used. 

[vOL. ■■■ 
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The foEowing is a statement of the individual effect of each piece of ord« 
nance, in explanation of the first point. 

Botmds tkat 

Eoimds fired/' took effect:. Proportion. 

S4-pr. 217 63 - i 

8-m. kowitzer 270 61 — i 

68-pr.carronade... 320 112 + i 

8-m. mortar 180 66 i 

10-in. howitzer ... 180 75 4* | 


Trom this it appears that in mdividnal effect, the 68-pr. carronade and 
10-in. howitzer have performed best. 

The second and thnd points will be best explained by the table annexed. 


Abstract of effect against the wall of a fortress according to Carnot^s 
classed to shew the practice at different ranges and elevations. 


10° or under. 
Xo. of rnds.j 


Xo.of rnds. 


Xo. of mds. 


iXo.of rads. 


33 25 40107 1 
40 42 28110 11 
40 « 48 140 8 
IS "10 15 '.40 ... 
14 13 3 30 ... 


fHB SOTiJL AEMLLIET IMSTITOTIOH. ' 241: 

It onglit also to be considered with respect to probable penetration with 
the small charges necessarily used, but as the experiment has only been 
made on a wall of lightly rammed earth, it is difficult to calculate anything 
like an effect. It is a fair presumption, however, that the action of such 
pow^erful projectiles as 6 8-pr. shot, assisted by lO-in, shells filled with 
powder, would very possibly succeed in breaking down the brick wall in 
question. 

6, On the whole therefore it appears that 68-pr. carronades and lO-in. 
howitzers placed in battery at 400 yds., and fired with 15^ of elevation, 
afford the greatest hopes of success, and by the preceding table there is 
just reason to expect, that from a continuance of fire without change, about 
half the practice would be successful. 

It is in consequence submitted to His Grace the Master-General, whether 
these results do not merit a more definitive investigation of the experiment, 
by trying the fire against a real wall, disposed according to the profile of 
Carnofs system. 


[The draught is not signed, lut is in the handwriting of the late Sir 
Alexander Dickson, 
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APPENDIX. No. 2. 

BEPOET ON THE PEACTICE AGAINST A CAENOT WALL, CAEEIEB ON AT 
WOOLWICH, BY OEHEE OF HIS GEACE THE MASTEE-GENEEAL, IN 
■ . AHGHST, Ism. .. ' , , 


1. His Grace the Master-General having considered it possible that the 
walls used in the new system of fortification recommended by Carnot, and 
carried into execution in late years in different countries might be breached 
at considerable distances by fire at high angles, desired in the year 1822, 
that a profile in earth might be prepared for trial, placing a screen of the 
proper height in lieu of a w^alL 

The experiment tried at Woolwich, in August, 1822, proved that this fire 
could reach very low down the wall. 

It was doubtful, however, whether the projectile would breach the wall at 
considerable distances, say four or five hundred yards, considering the small 
quantity of powder, which it was necessary to use. 

His Grace the Master-General then determined that he would continue 
the experiment, and had a wall constructed of tlie usual dimensions, in the 
summer of 1823. It was 21 ft. high, and 22 ft. long, of the regular thick- 
ness of 6 ft. at top, and of 7 ft. at bottom as recommended by Carnot, and 
had one loop-hole in the usual recess. It was further strengthened by a 
buttress of 4 ft. square at each end, so that the total length of the wall, 
including the buttresses, was 30 ft. at bottom and 28ft. at top; the but- 
tresses giving it a considerable additional strength beyond the usual wall of 
Carnot^s system. 

2. The wall w^as carefully built, and well cemented. An earthen counter- 
guard, of the regular thickness, and of equal height with the wall, was thrown 
up before it : the crest of the counterguard being twenty yards from the 
top of the wall. 

A mound of earth, representing the rampart of a bastion, was thrown up 
behind the wall, and was continued at the regular slope of 45 degrees, till 
its height was 4 ft. above that of the wall, but this rampart being 8 ft. lower 
than the real rampart of a bastion would have been, was on that account of 
less use in serving as a correction to the elevation of the ordnance. 

Two batteries were constructed against the wall and opened their fire, on 
the 5th August, 1824. 

They consisted of the Mowing pieces of ordnance : — 

Eight 68-pr. caaronades at 600 yds., from the crest of the counterguard. 

Three 8-iii. iron howitzers at 400 „ „ 

Three lO-iu. do 400 „ „ „ 

One hundred rounds per piece were fired in about six hours; the how- 
ifoers firing live shells filled with powder, the carronades firing solid shot. 
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On examining the wall there was a practicable breach of 14 ft. wide, and 
the buttresses were much injnred. i :- 



JFront view of the wall shewing the effect of the first and second daf*sjire. 


The splinters of the shells being inconvenient to the men in the 400 yds. 
battery, the bursting powder of the shells was considerably reduced. 

3, On the 6th of August the firing recommenced from 

Eight 68-pr, carronades at 600 yds. 

Two S-in. iron howitzers 400 „ 

Four lO-in. do 400 „ 

The fire of these pieces was intended to be directed towards the more 
effectual opening of the breach and the more complete destruction of the 
buttresses. 

Fifty rounds per piece w^ere fired in two hours, when the breach was 
examined and found to be complete in every respect, and the buttresses 
to be in the ruinous state more clearly shown by the darker shade of fig. 1. 


Fig. 3. 
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On tte 5tli and 6tli August^ two of tlie 8-inch iron howitzers, two of 
the lO-inch iron howitzers, and four carronades, had been placed on. high 
traversing platforms, so as to raise them nearly to the natural level of the 
country according to Carnot^s system. But His Grace the Master-General, 
who examined the breach at this period, having given directions that all the 
ordnance should be placed on common platforms, the use of the traversing 
platforms was discontinued. It had previously been observable, that no 
advantage or superior accuracy of fire attended raising the guns, which was 
merely done that the experiment might more scrupulously follow Carnot^s 
system, with respect to the relative levels of the wall, counterguard, and the 
natural level of the country. 

His Grace also ordered that the rubbish should be cleared away, both from 
the front and rear of the breach. This was accordingly done, when the wall 
was found to be 5 ft. in perpendicular height in front, with a rounding of 
rubbish of about or 3 ft. on the top ; and to be about 8^ or 9 ft. in height 
towards the rear, or chemm de ronde as will be clearly shown by fig. 6. 


* Wrmt view <^f the wall when the rulhuk was cleared away from the breach cfter the second 

, , ■ ■ ■ . dafafre, ■ ■ . 

4. On the 11th of August the batteries recommenced their fire from 
eight 68-pr. carronades 500 yds., and six 10-in. iron howitzers 400 yds., 
when eighty-five rounds from each of the howitzers, and one hundred 
from each of the carronades were fired in 3^ hours, by which time the 
wall and buttresses were one mass of ruin, and the chemin de ronde was 
obliterated, as is more clearly shown in figs. 3 and 4. 
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Front viezoqf the wall after the third and last daf$ fire* 


The power of artillery to destroy Carnofc^s wall has been therefore clearly 
established, the guns having received no aid as to charge, direction, or eleva- 
tion, beyond wliat real service would afford, and the shells having in some 
measure been less efficacious than they really would have been, from the 
circumstance of so much powder having been taken out of them after two 
hours of the first day\sfire (on account of the splinters reaching the batteries), 
that a very considerable number of the shells did not explode. 


5. From careful observation it appeared that about ^th of the shells and 
l-th of the shot struck the many of both, which but just missed it, 

wmuld have been efficacious, had the waU been longer. 

The increased raj^idity of the fire is also observable, that of the third day 
being nearly double that of the first day, although the reduction in the 
height of the wall from 21 ft. to 5 ft. rendered the operation obviously more 
difficult. 

A general view of the counterguard is also added in fig. 8, to show the 
appearance of the efi’ect of the shells on its superior slope.t 


(Signed) 


E. DOUGLAS, 

Director-General, F. T. 


^ Sir Howard Douglas gives the following more precise statement, which has been adopted in 



Took effect on wall. 

Counterguard. 

Bastion, 


Shot. 

Shells. 

Shot. 

Shells. 

Shot. 

Shelia. 

1st day, ...... 

180 

168 

192 

190 

not obs 

ervable. 

2nd day 

m 

68 

128 

111 

92 

65 

Srd day 

n 

86 

204 

176 

235 

216 


289 

S02 

624 

477 

327 

281 


Weight of iron fired, 11% tone, 11 ewt,, 64 lbs. Sir Howard Doi^las makes it rathw 
having taken the carronade shot as weighing 68 !hs, instead of 66|lhs.' — J. H. E. 
t It has not been thought necessary te reisroduce this view. 
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APPENDIX. No. 3. 


EEPOET 

OW TS® 

OEDMCE SELECT COMMITTEE. 

ISo. 1988, dated December 2, 1861. 

OK THE Ef EIGIBKCrr OE AEMSTEOKO aiTKS EMPLOYED IK BICOCHET . 

EIEE. 


1. The Committee have the honor to submifc the following Report of 
Experiments made under instructions received in June to test the efficiency 
of Armstrong guiis when employed in enfilading a battery, and the distance 
at which the fire is most destructive and certain. The work in Pluinstead 
Marshes wms put in repair for this trial. It consists of a single face about 
340 ft. long, with two flanks. It is divided unequally by four traverses, 
and further derives essential protection from a screen or boiinette of earth 
10 ft. high and 30 ft long, at the angle of the nearest flank. Ground 
platforms were laid for four guns, and two mortars (the latter were un- 
occupied); iron traversing platforms for twm guns; ivooden traversing 
platforms for two guns ; and there ivere two guns on naval carriages not 
on any platforms; in all ten guns mounted. In addition to which, on 
the last occasion of fire, a second row of three guns was formed 50ft. in 
rear of the proper armament, leading up to a small field magazine which it 
was desired to strike. 

2. After some preliminary practice to ascertain the ranges due to 
reduced charges and high elevations, the Committee proceeded on the 
Both October, and 6th November, to ricochet the work; 950 yds. from the 
nearer angle, or 1000 yds, from the centre, was fixed on as a proper distance 
for the battery, being beyond the risk of much annoyance from an enemy's 
riflemen. The guns in battery wrere — 

( 1 ) Slnootli-bored 32-pr. of 26c. 

( 2 ) ,, 8 - 1 ®. of 62c. 

; (3) Armstrong 40-pr. 

(3) 12-pr, 

l^e work &ed at nci visible from the battery, owing to an inter- 
vening parapet, pickets, we^ set up in proper alignment on this parapet 
^ 840yds.aB“advm^'-|^ ^ the laying , of the guns, and a non-com- 

office Under cover, to signal the apparent 

xmit of each ■■ ' 
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The following is an abstract of the practice 


.Date. 

Ho. 

Cimrge. 

Eleva- ■ 
tion. 

. ■ Effects. 

Eirst 

Grazes. 

1861. 


oz. 

o / 

§ 3. Aekstboitq- 40-pr. 

yds. 

Oct. 30. 

1 

24 

8 0 

Knocked off about 16 m. of tbe muzzle of an ! 






IS-pr. guji. wliich iiad been cracked bj a 






former blow 

1003 


2 



Lodged in the parapet 

990 


3 

, 


do do 

995 


4 

■ — . 


do do 

1012 


B 

— ■ 

— 

Slightly grazed the muzzle of a gun, and pro- 






ceeded over the work 

1000 


6 

, — 

. — 

Lodged in the parapet 

990 


7 


— i 

In the work; grazed the front of a wooden 






platform without occasioning serious splinters 

1016 


8 

— 

— 

Grazed a traversing platform, and lodged in a 






traverse 

995 


9 


— 

Into the parapet 

980 

l^OY. 6 ■ ■ 

10 


8 10 

Into the further ilank 

960 


■ 11 ' 


8 0 

Struck a traverse 

1050 


13 


7 45 

"Went through the cheeks of a carnage, and 






struck a wooden platform causing numerous 






splinters. The carnage vras old 

1020 


14 


7 30 

In the work 

968 


15 

— 

7 30 

Struck the parapet 

" ? ■■ 


16 


7 30 

In the w'ork 1 

980 


17 

— 

7 30 

Caught by the bonnette about 

960 


18 

— 

7 30 

Struck outside 

930 


19 


7 30 

Struck the parapet 

970 


20 

.. 

7 30 

Struck outside about 

930 


21 

«— 

7 30 

Caught by the bonnette 

960 


22 


7 30 

Grazed the rear of the bonnette, and skimmed 


• ■ 1 


• ■"■■■■ . 1 


along the whole length of the work without 


, . ■ ■■ 


■ ■ ■ 


rising more than a foot or two, burying itself 






at last in the further flank 

960 





§ 4. Aemsteok^ 20-pr. 


Oct, 30 

1 

12 

8 30 

Short 



2 


8 45 

do 



3 



9 0 

do 



4 

— 

9 16 

Caught by the bonnette 

970 


6 


9 30 

Short 

844 


6 

— 

9 46 . 

do 

917 


7 

— 

9 50 

Caught by the bonnette 

970 


8 

— 

9 55 

do do 

970 


9 

— 

9 65 

Short 

900 


10 

— 

9 66 

Caught by the bonnette 

970 

my. 11 

11 

14 

8 0 

Short 

900 


12 

.... 

8 10 

do 

910 


13 

— . 

8 0 

Into the nearer flank 

940 


14 

— ■ ■ 

8 0 

Struck the top of the bonnette 

970 


15 


8 0 

Into the bonnette 

960 


16 


8 0 

Short 



17 


8 0 

Eathcr short 

930 


18 



8 0 

Into the bonnette ; 

950 1 


19 


8 0 

Short 

912 


20 


8 0 

‘Struck a traverse, and did not rise^ but turned 



i 



'over where it fell 

m 


21 


8 0 

Stouck a traverse 

964 ^ 


22 


8 0 

Into the bonnette'.,.,.,.....,,,,... 

1 


'<4 


[tol. hi.] 
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Date» 

No. 

Charge- 

Eleva- 

tion. 

Effects. 

First 

Grazes. 

1861. 


oz. 

o / 

§ 5. Aemsteon<j 12-pr. 

yds. 

Octao ^ 

1 

7 ■ 

8 0 

Struck short, and ricocheted into the honnette 

850 


2. 

— 

8 16 

Struck the parapet near the 1st traverse ...... 

■970 


3 


8 15 

Caught by the honnette 

960 


4« 

* — 

8 25 

Passed under an iron traversing platform, and 






stopped hj traverse 2 

990 


6 

— 

8 25 

Struck traverse 2 

990 


6 

— 

8 25 

Struck traverse 3 

1018 


7 


8 25 

Short 

900 


8 

■ 

8 25 

Caught by the honnette 

960 


9 

— 

8 25 

Bather short 

920 


10 


8 25 

Caught by the honnette 

960 

Not. 6 

11 

8 

7 0 

Grazed a gun carriage and the iron traversing 






platform it Vr-as on j buried in traverse 2 

990 


12 


6 60 

Bather short about 

920 


13 

— 

6 5o 

Struck short, and ricocheted over 

— 


14 


7 0 

Short 



15 


7 0 

do 

— 


16 


7 10 

Struck short, and ricocheted into the further 






flank 

990 


17 


7 10 

Bather short about 

930 


18 

— 

7 10 

Struck short, and ricocheted over about 

843 


19 

— 

7 10 

Caught by the honnette about 

960 


20 

— 

7 10 

Struck short 

910 


21 


7 10 

Caught by the honnette 

960 


22 


7 10 

Struck the nearer flank 

936 





§ 6. S-in. Guk oe 62cwt. 


0<yt.30 

1--7 

20 


All short 

■*— 


8 

1 

12f 0 

Into traverse at.. 

995 


9 

24 ' 

12f 0 

Short 

912 


10 

I 

13 0 

j Over into the butt beyond 

, 1100 

Not. 6 

11 

82 

7 0 

I Short about 

800 


12 


HO 

I Short; ricocheted into the further flank 

900 


13 

— 

7| 0 

! Short; the second graze was in the work, and 






the third into the further flank 

906 


1 14 


8 0 

Bather short, and ricocheted clear over the 






work into the butt i 

933 


15 


9 0 

Clear over the work into the butt 

1100 


16 

— 

8| 0 

In the work beyond the furthest traverse 

1050 


17 

— 

8^ 0 

Into the further flank 

1060 


18 


8i 0 

Clear over the work 

— 


19 

1 — 

Sk 0 

Bather short ; grazes not recorded 

1020 


20 

— 

84 0 

Struck the parapet at 1010 yds., then ricocheted 






against the side of a wooden traversing plat- 






form at 1030 yds., and fell beside it rnSring a 






small indentation only ; 

1030 


21 

— 

840 

Clear over 

— 


22 

— 

84 0 

In the work 

940 



' ■ - ■ 

84 0 



- 

m 


84 0 

In the work 

1050 

■' ’.‘i 

m 

—• 

84 0 

Near the same place as the last 

1060 





§7. 32-pr. of 25 cwt. 


BAM 

1 

■ m 

8 ' O', 

‘ 'Waiter short 

' r" 


, % 


8 0 

Ow 




' $ 


8 0 




. 4 




— 


■ 'S 


7|0‘" 

— * 

916 


24i 
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Date. 

BTo, 

Charge. 

Eleva- 

tion. 

Effects. 

Eirat 

Grazes. 

1861. 


.. oz. 

O'/ 

32-pr. of 25cwt. — Continued, 

yds. 

Oct. 30 

6 

22 

7| 0 

Into parapet 

1002 


7 

— 

7| 0 

Over 

— 


8 



7f 0 

Into the ditch of the work at about 

1000 


9 



7f 0 

S truck the bonnet te high 

060 


10 

— ' 

7f 0 

Into the work 

1010 

Hot. 6 

11 


7| 0 

Rather short 

910 


12 

— 

7| 0 

Struck a wooden platform without causing 



i 



serious splinters, and into traverses 

1015 

■ 

13 ; 

— 

n 0 

Short, struck the bonnette on second graze 


] 

14 


7f 0 

Into the work 

995 


15 

— 

7 |- 0 

do 

1008 


16 


7f 0 

Went clear over the butt about 

1160 


17 



7f 0 

Struck the butt high about 

IlOO 


18 



0 

Struck the butt about 

1055 


19 


7f 0 

Passed through an iron gabion and buried itself 






in the cheek of an embrasure 

3025 


20 



7f 0 

Into the work behind traverse 3 

1010 


21 

— 

7| 0 

Grazed the rear of traverse 2, carrying away 






2 gabions ....*1 

990 


22 

— 

7| 0 

Into traverse 3 

1020 


8. The results of the foregoing practice may be stated generally as 
follows : — 



AeMSTEOFG'. 

1 Smooth-eoke. 

40-pr. 

20-pr, 

12-pr. 

Total. 

K 

CO 

Total. 

Shots which fell in the work, or on the 








parapet ; 

17 

2 

5 

24 

7 

10 

17 

Shots caught by the bonnette which would i 








have otherwise entered the work 

2 

8 

6 

16 

0 

1 

1 

Short 

2 

12 

11 

25 

13 

3 

16 

Over 

0 

0 

0 

0 

2 

8 

■ 10 


9, It will be seen that very little material was struck, there was conse- 
quently little opportunity of judging of the effect of Armstrong projectiles 
in dismounting ordnance. It has however been ascertained that the initial 
velocity of the 12-pr. shell is as follows : — 

With charge 6 oz. 500 ft. per second, 

„ 8 oz. 620 ft. „ 

„ 10 oz. 732 ft. „ 

It is probable that these velocities will be very near the truth for charges 
of the other natures bearing the same proportion to the weight of the shot, 
namely, for the 40-pr. — 20 oz., 26*6 oz., and 33*8 oz.; for the 20-pr. — 
10*5 oz., 14*0 oz., and 17*5 oz ; and their mechanical effects can therefore be 
easily compared with those of smooth-bored projectiles if we also ascertain the 
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velocity of the latter. This has not at present been done for the low charges 
used in ricochet fire,* but bj calculation the initial velocity of a 32-pr, 
shot, with 22 oz. of powder, as fired on this occasion, is about 715 ft. per 
second j being nearly 100 ft. greater than that of the 12-pr. and^ 20-pr., and 
120 ft. water than that of the 40-pr. The elongated projectiles preserve 
their velocity rather better than the round shot; but on the whole, although 
it appears sufficiently great to produce destructive effect on the Artillery 
material they strike, it must be less than that of the round shot, and con- 
sequently their mechanical effect less also: on the other hand the larger 
bursting charges of elongated shells will make these much more destructive 
to traverses and solid obstacles, as well as to troops. 

10. The present practice has fully satisfied the Committee that Armstrong 
projectiles may be fired with greatly reduced charges, so as to have a high 
descending angle, and still retain precision of direction and uniformity of 
range. This adapts them well for silencing guns covered by traverses, or for 
breaching caponiiiSres and sunken defences ; but they are not so weU adapted 
as round shot for what is commonly intended by ricochet fire, namely, to 
proceed through a work by short bounds, making more than one graze in it. 
The second graze is almost invariably too far distant from the first to be in 
anyway relied on; it is however tolerably regular both indirection and 
distance. 

The following Table contains the observed first and second grazes of a part 
of the practice. In some instances the second graze was not traced. 


Comparuon of 1st md 2nd grazes of Armstrong projectiles. 



9 

fclD 

I 

TS 

S 

Mean 

range. 

Diff. 

1-2 

Dedection. 


Gun. 

6 

i 

s 

o 

let 

graze. 

2nd 

graze. 

1st 

graze 

2nd 

graze 

jK 

Soil, - 


021. 

6 

o 

7 

2 

yds. 

765 

yds. 

1290 

yds. 

625 

yds. 

yds. 

23 

Good turf 


10 

2 

937 

1331 

394 


75 

do 

do 

8 

6 

3 

729 

1613 

784 


63 

do 

20-pr 

16 

. 5 

3 

744 

1536 

792 


115 

do 

. 1 

7 

■■ B 

1009 

1600 

691 

— ' 

65 

do 

do 

18 

6 

3 

828 

1405 

1 677 ' 


47 

do 

do ...... 

k 

7 

4 

1112 

1795 

683 

— 

71 

do 

do 


7 ' 

B i 

1195 

2188 

993 

2*4 

60 

Wet sand 

do 


10 ; 

5 : 

1660 

1 2435 

785 

6-7 

61 

do 

40-pr 

'■'■32 

5 

B 

883 

1683 ! 

800 

M 

47 

do 

do 



7 

B 

1173 

2286 i 

1013 

2-7 

80 

do 

do 

36 

6 

6 

1004 ' 

2058 

1054 

1*7 

38 

do 

do ...... 

— 

7 

6 

1306 

2422 

1116 

2*7 

60 

do 

i do ...... 

40 

6 

6 

1083 

1933 

850 

1*7 

86 

do 

I do ...... 

— 

7 

B 

1448 

2626 

1178 

8*7 

166 

do 


11. Two exceptional grazes occurred in the practice, both of which 
would have been, very destructive inside a work. A 20-pr. shot fired at 5^ 
with 18 oz. charge, struck the ground at 7 98 yds., and cut off the top of the 

* Se® HI. ofetained since the date of this Eeport. 
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long grass in a continnoTis line for 19 yds._, the ground here dipped a little^ 
but the trace was distinguishable further on, shewing that it could not have 
risen so much as a foot for 120 yds. A 40-pr. shot fired at 74®, charge 
24 oz., struck the ground at 980 yds., and skimmed along until stopped by 
the shoulder of the battery at 1060 yds., not rising above 2 or 8 ft. It will 
be seen however by the distance of the second graze from the first as given 
in column 7, that with these rare exceptions, the efiect of each shot will be 
confined to the portions of the descending and rising branches of the curve 
comprised between the ordinary height of a parapet and the ground — a 
distance of 100 to 150 ft. according to the angle. There is scarcely any 
chance of shot which fall short, getting into the work on second graze, a 
thing which frequently happens with round shot and shells. 

12. The Committee do not consider it necessary to expend more amnau- 
nition in endeavouring to strike the half-sunken field magazine, which has 
not yet been struck, or to obtain more direct evidence of the effect of a blow 
on guns and gun carriages ; they recommend that the use of the 12-pr., 
20-pr., and liO-pr. Armstrong guns with reduced charges at high angles, be 
reduced to practice, and recognized as an occasional employment of those 
guns, and that tlie Commanding Officers, Eoyal Artillery, receive instructions 
to keep a careful record of the results of all shots which take effect on 
material as well as of the actual first grazes for given charges and elevations, 
to verify the annexed table. They would also suggest that orders be given 
to the P. S. S. to issue fresh (unserviceable) carriages instead of some of 
those now in the work, which are too much shattered to furnish any longer 
a fair illustration of the effects of shot. 

(Signed) J. St GEOEGE, 

President O, S. C. 

Table Till. 

GIVING THE APPROXIMATE ELEVATIONS NECESSARY TO PITCH AN ARMSTRONG 
SHOT OR SHELL INTO A WORK AT THE DISTANCES SPECIFIED, AND WITH 
THE CHARGES GIVEN. 



L. 

S, 12-pr. 

L. 

S. 20-pr. 

L. S. 40-pr. 


EieYation for 

i Elevation for 


Elevation for 


S su 






















."s'© 











A 

oz. 

oz. 

GZ. 

oz. 

OZ. 

oz. 

oz. 

oz. 

oz. 

oz. 


6 

8 

10 

14 

16 

18 

24 

28 

32 

36 

yds. 

O ' . ■/ . 

O , ■ / 

0 f 

. o / ..■ 

■■o r 

O / 

o / 

o / 

o / 

0 / 

500 

5 ' 6 


... " 

... ' 

■ ... 


' ... 




600 

5 64 








... 


700 

6 42 

4 is 

■ 

6 20 

4 50 


5 30 

•' ... 




800 

8 0 

5 10 


7 4 

5 30 

4 50 

6 15 

6 20 



900 

9 30 

6 6 

4 40 

7 46 

6 13 

6 30 

7 8 

6 5 

5 5 


KXK) 


6 58 

5 20 

8 30 

6 56 

6 10 

7 55 

6 46 

6 45 

5 0 

1100 


8 6 

6 4 

9 10 

7 40 

6 60 

8 35 

7 30 

6 30 

5 40 

1200 


9 20 

6 46 

9 50 

8 25 

7 40 

9 25 

8 12 

7 10 

6 20 

1300 



7 40 

«*« 

9 10 

8 23 


9 0 

8. 0 { 

7 0 

1400 


*»m 

8 40 

*#* 

10 0 

9 10 

««« 

9 46 

8 45 

7 40 

1500 


*»• 

9 40 

"mm. '■■■ 

■■ *,,■ . 

9 55 

' «•# " 

... 

9 30 

8 25 

1603 


... 

... 

1 

... 

... 


... 


9 15 



7-in. howitzer 


7-mcli 
mortar, 
87*66 lbs. 


70-pr. 
69*62 lbs. 
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Table IX. 

APPROXIMATE ANGLES OF ELEVATION AND TIMES OF FLIGHT DUE TO 
SHORT DISTANCES WHEN THE ANGLE OF DESCENT IS EEQUIEED TO BE 
NOT LESS THAN 10^. 


The above charges are respectively, - 


lbs. oz. dr. 

For the 20-pr 0 7 8 and 

„ 40-pr 0 14 0 „ 

„ 70-pr 1 7 6 „ 

„ 7-m. bow. >o o o 

or 110-pr.^nJ^ ^ ^ « 

* ,, 7-m. mortar 1 14 1 „ 


lbs. oz. dr. 

0 8 9 
10 0 

1 10 12 


In practice it will be sufficient to take them to the nearest half-ounce. 


NoTi.-^In the fourth column of Table 11. p, 233, the quantities are to be divided by 2, 
§ having been inadvertently used instead of 2g, 


40-pr. 
40*5 ibs. 


560 4*6 


910 7*4 

960 7*9 
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EXPEEMEOT OE 29th BECEMBEB, 1862,. COHOTHEB, OX CAPTAIX IXGLIS’S 
SECOXE SHIELD, AT SHOEBUEYXESS, 3e» MAECH, 1863. 


[CONTBIBUTED BY CAPTAIN E. J. BBUCE, B.A.] 

[For description of Siiield, see page 224 ante]. 


The following guns were used in the experiment : — 

One 300-pr, Armstrong muzzle-loading shunt gun. Calibre, 9*20". Weight, 11 tons. 15 cwt. 2 qrs. 
One 100-pr. Armstrong muzzle-loading smooth-bore gun. 

One 130-pr.*^ Whitworth rifled gun. 

One 7»im. Lynali Themas rifled gun. Weight, 149 cwt. 3 qrs. 14ibs. 


532- 


|533i 


l30-pr 

Whit- 

worth 

rifled 

gun. 


100-pri 
smooth 1 
bore 
gun. 


Projectile. 


.S; 


s.s.tj 


148 


[113 


17*3 


1 

i . tii 



! Sij 



! as 

% ^ 


m 

rs 

P-i- 

1 ® Q 1 

-J c 

. 

|| 

.2 i 

! 

1 
c 1 

§5 

1 


m\ 


25 25*5 


Effects. 


fl ci> I 

Cm ^ 

®.2 

'#S 


B 

es a 


15200 nff 


Eemarks, 


11239*9 jStruck 3 and 4 planks 3^ 4^' from 
the bottom ; 2^' of indent was 
onplankXo. 3j the bulge on 
depth of indent on Xo. 4 could not be 


plank Xo,3 measured 1*3" in depth, but the 
taken, as part of the shot remained in the indent; the edge of plank Xo. 3 was 
cracked in the bulge for a length of I’S"; a narrow crack on plank Xo.4 at l^'o'" 
from the point of impact extending from a bolt-hole to the edge of the plank. 
At the back, slight bulge of *4'" of horizontal plank at seat of blow; lead sheeting, 
at left aide of embrasure, pressed out ; plank below the one struck gaping 
from front plank at side of embr*mure; Tcrtical frame piece, to left of embrasure, 
slightly curved back. 


sphe, 

Incal' 


i9*16i ,, 113*75 !16! 


■2*4 


X 

!10*4 


|ll*3'.|1461'8|.Stmck at 2^'2";from thehollom,. 

of the target, and 5*5'^ from 
the side of the plank ; a bolt 
8‘5" from the point of impact 
started *3'' ; the edge of Xo. 
4 plank was bulged 2'^xl*6" 
and the edge of the plank was 
cracked on the bulge for a 
length of 5''^'. At the hack, 
the second through bolt from 
the top of the left row, distant 
, , , , ^ . about 3'' from point of im- 

pact, was broken ; the lead washers of Xo. 4 through bolt, from the top of the 
same row, squeezed and broken, and angle iron bulged out *5"; the lower hori- 
zontol plank, about 1' beneath the blow, was cracked through vertically ; the left 
vertical frame piece was slightly carved, and angle iron at top set back from it, 
iC^oa^ diameter of shot after firing ^ 


^ Hitherto recorded as 120-pr, f Solid shot, Frith’s steel. 

1 Sold shot, wroufht-iron. 

[TOL-ni.] ^ ' 
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Effects. 


Projectile. 


Kemarks. 


200 V 4 S 10*0 1400*6 Struck STo. 3 plank V 9" from 
X the bottom ; the plank ii^as 

9*5 cracked across its width 

through the indent 5 the crack 
made by round Ho. 1 extended 
to abolt-hole, and theplank was 
cracked completely through 
its width and thickness at 
1' 6*5^'^ from the top, the crack 
being *4'’' wide on the front, 
and having extended from an 
old crack, 4'' long, made by 
the previous day * 8 firing ; the 
plank was driven in 1*8''' for 
3/ 6" from the bottom; the 
bottom bolt of the plank start- 
ed *2", and the two bolts 
next above were driven in *2^' 

I *4.^^ Af. e 


3 j53^,300-prj H.* 230 c.f 19- 


and *4''. At the back, a 
through holt, just below em- 
brasure, broken off; vertical 
frame piece, or “upright of 
frame,” bent considerably at 
seat of blow ; gaping of hori- 
zontal planks from front 
planks, at left side of embra- 
sure, increased now to an 
inch ; horizontal frame piece, 
or cross stay, at bottom curved 
back considerably ; a through 
bolt (masked by the above 
frame piece) broken, and its 
head brought up pressing 
against the frame piece ; 


washers of Ho. 2 throu^ bolt ; 
from tbe top of right row, 
squeezed up ; bottom through 

‘-.Ax '^*.3-. ' T *5 ...51 


holt, right side, loose, being 
broken in front ; vertical 
frame piece, right of all, 
slightly curved ; and a partial 
crack (former day’'s practice) 
now continued through the 
thickness of iron. 

„ nil. 1*8 8 1217*9 Struck Ho. 1 plank 4' 7'' from 

X the bottom, and 6^' from the 

7*6 side ; plank driven in l-S'' at 

point of impact, and the edge 
of plank Ho. 2 bulged F' in a 
length of ICK'; the plank 
cracked diagonally across its 
width through a bolt-hole at 
F 2" above the point of im- 
pact ; also from a bolt-hole to 
the right side of the plank at 
^ 1' 6*6" below the point of im- 

V pact; a crack 16" long also 

extended from the left side of 
theplank at 2' 7" below the 
point of impact. The shot 
set lip 6*6". _ ; 

f CyKndrical p.e., with hollow hemispherical head. 





THB aOYAl* IBSflTBTIOJr. 


Efieots. 


BrojectUe, 


Bemarka. 


IB 1241*0 ’struck tke plate below embra- 
X sure V 8'^ from the top, and 

11 10'' from the left side, which 
was driven in *8" on the 
right side, and 1*1" on left 
side ; the shot broke up and a j 
portion remained in indent, 
the depth of which could 
therefore not be taken; the 
bottom bolt started 1", and a 
crack, made by previous firing, 
on plank No. S, opened to 
•3". At the back, a through 
bolt 2' 6" from point of im- 
pact driven out; whole of 
bottom of embrasure set back, 
opening between front and 
rear planks *5"; a slight 
irregular starred crack on 
lower horizontal plank; lower 
horizontal frame piece rather 
more bulged back. 

12*5 1228*4 Struck at the junction of planks 
X 3 and 4, $' 2" from the top of 

12 the target; a portion of tke 
shot remained in plank 3 ; the 
cracks at the top and bottom 
of this plank made by round 
No. 3 much enlarged, and 
now measure *6" and *9" in 
width. At the back, a through 
bolt (the second from the top 
of the third row from left) 
broken ; through holt, top of 
second row from left, much 
s(jueezed up ; vertical frame 

1*2") ; horizontal planks^2, 3, 
and 4 from top also bulged ; 

3 and 4 horizontal planks 
opening out from front planks 
1" at left side of embrasure. 

The gun burst, and the shot did 
not strike the target. ; 


Whit- 

worth. 


6 ;637;300 -pr s.c.t|307 cylm! 18*5 


f Solid cast-iron shot, 




MIirtrTlS OS’ PEOCEBDINGS O? 


AK EXPEEIMEJTT CAEEIED OK BY THE SPECIAE COMMITTEE ON lEON, AT 
SEOEBUEYNESS, 17ih MAECH, 1863, TO TEST THEEE EOLLED AEMOEE 
PLATES, SCPPLIED BY Mbsses JOHN BEOWN AND CO., OP SHEFPIELD. 


[CONTEIEUTED BY CAPTAIN E. J. BEUOE, E.A.] 

The plates were of the following dimensions and weights : — 

cwt* qrs. lbs. 

2^0. 1.— 13' 4" X 3' 6-75" x 5*5" 93 1 6 

2. ~-12'2*75"x3'7'7o"x6-o" 103 2 0 

3. — Ii'9*25"x3'8-75"x7*5" 116 2 10 

They were secured by 2*5''" conical-headed bolts,, with double nuts, to the 
frame of Mr Samiida^s target (2*5'' thick) and were backed by timber for one- 
half their length ; the plate by 9^', the plate by 8'^, and the 7*5^' plate 
by so that the front of the target presented a plane surface ; india-rubber 
washers were placed under the bolt-heads. 

The plates were divided into compartments by seven vertical lines, 
numbered from 1 to 7, and by three horizontal lines ; the backed portion of 
the plates extended from 1 to 4!, and the unbacked portion from 4 to 7. 

The guns used in the experiment were ; — 

One 300-pr. Armstrong muzzle-loading sburtt gun. 

One Ljnall Tbomas’s 9-in. gun. 

One Wbitwortli 130-pr. muzzle loading rifled gun. 

, One llO-pr. Armstrong breecli-loading rifled gun. 

One 68-pr. smooth-bore 95 cwt. gun. 

fc; ,, 

I ^ ' ' Projectile, I | I | Effects, I . I 


Uemarks. 


i TO nil. 2* 9*7 ... Struck the 6*5" plate 9" to the 

x9 right of 3 vertical and 11^' 

below 2 horizontal ; the plate 
driven in at the bottom *4'' 
in a length of 2'. 

„ „ 1*6 9-5 ... Struck the 7“5'^ plate 3" to the 

, X 9 left of 6 vertical and 8" below 

2 horizontal. 

^ „ 9*7 ... Struck the 6'5" plate 6" to the 

X left of 4 vertical and 3" below 

, I ^ 9-5 2 horizontal. At the back, 

rivet-head off the top right of target, and the lead 
i two through-bolts squeezed up. 
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Projectile. 


Eemaiks. 


Ibs .02 in. lbs. oz. ' * . 

Cast- 65 15 C^ylin- ... ... 1615 2100 9 B 1’9 8* StTOck tbe 6*6'' plate 4'^ to tb© 

iron drical. right of 6 yertical and 3*6" 

solid above 2 horizontal; a bolt, 

shot, 14" from impacfc, started *3", 

and a narrow crack, 8" long, 
on indent. 

„ „ „ ... ... „ „ „ „ 2*05 8*5 ... Struck the 6*5" plate 3" to the 

right of 6 vertical and 6" 
9*0 above 2 horizontaL 

„ „ „ „ „ „ „ 1*65 9* ... Struck the 7*6" plate 6" to the 

left of 6 vertical and 8" above 2 horizontal. At the back, after rounds 4, 6, and 6, 
two rivet-heads off; a bulge, and lateral crack across it, in 'the 6*5" plate ; the backs 
of the 6*5" and 7*5" plates, where struck, could not be seen. 

Steel 301 Cjlm-:i4*o; ... 4527 ,, 4 E 6*2 12*9 jl293*l Struck the 7*5" plate 8" to the 

solid dricai.l left of 4 vertical and 7*6" 

shot. E. E, ! » I J ! above 2 horizontal, on a rib; 

the top of the plate was driven in 1*3" m a length of 7'; bolt above the hole made 
by this shot started *9"; a narrow crack, 4" long, from the top of the plate; the 
right side of the plate started out from the backing *7" at top and *8" at bottom, 

the left side started out *5" at top and *7" at bottom; the shot set up 2*25" 

and was cracked at the side through the aillette ” holes and also across the rear. 
At tlic back twenty rivets broken ; no nuts off the through-bolts, but many wMhers 
much compressed and altered in form, and two iron tires, for resisting the spread 
of the washers, driven off, and one broken ; angle iron on vertical rib cracked through 
and bent out ; horizontal angle iron cracked and started considerably ; fastenings of 
heavy iron shelf-piece broken, and shelf-piece ready to give way. This plate 
exhibited a considerable amount of fibre in the hole made by the shot to a depth of 
3" from the front of the plate. 

Steel 288 Cylm-20*0 110 „ 26 „ „ ...I... 1318*4 Struck the 6*5" plate 1' to the 

shell. • drical, right of 2 vertic^ and 7" 

below 2 horizontal, the shell 
cast- completely penetrated t he 

plate and burst in the back- 
kcad. ^ ing, the hole being filled with 

portions of shell. The diameter of the hole was 14" x 14*3"; the plate was driven in 1*8" 
m a length of 4', and cracked from the bottom of the hole to the bottom of the plate, 
and was forced up from the centre plate *5" in a length of 4' ; started from backing 
*7" at left side ; bolt in top row of centre plate started 3"; outside baulk of timber 
backing driven out at the side 1*7" and split through its thickness at the top, and 
the backing at point of explosion completely destroyed and fired. At the back, one 
vertical rib and angle-iron broken ; inner skin and additional iron plates (riveted to 
back of skin) rent and bulged ; depth of fracture and bulge 14" over an area of 
3' x3'; horizontal angle-iron along the top cracked and thrust out; washers more 
squeezed, and more rivets off, 

at 524' 

Cjrlm-21*0 5 12 26X6 „ 2E 1267*8 Struck the 5-5" plate 5*5" (mea-l 

drical, Buririg from circumference to ] 

JP* B* circuinference of the holes) - 

to the right of the last round, 
and G" below 2 horizontal,, 
penetrati^ the plate, and burst in the backing ; the timber backing from the hole 
to the top of the target was completely blown out at the top ; diameter of hole 9*5" 

X 9", a narrow crack uniting the two holes. At the back, a slight increase of 
breakage of rib, and thrusting out of fragments of skin and" its support ; w'^oodesn 
fibre of backing more protruding. 

at 646^' . s 

Cjlin-21‘5 ... 5029 ,, nil 1222*0 Missed the target. ► j 

drical, I 

B.E. I i 

' ' ' 


7 648^. 


0 660130-pr Shell, 
Whit- homo- 
worth. gene- 
ous 
metal. 


Thomas’s, 
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Projectile. 


Effects. 


1 lbs. in. 

L. T. Wrt. a02 P.E. 18'6 
9-mcii iron 
' gun, solid 
i sbot. 


905*4 Struck at the junction of the 
doubt- and 7" plates on un- 

ful, backed portion of plates j the 
greatest depth on 7*5'' was 
6*96", and on 6*5" was 4", the 
total length of plate driven in 
was 7' 6" j the 6*5" plate was 
much cracked for a semi-circle 
of 9" from the top,- a crack 
*6" wide extended from the 
right from the semi-circle for 
a length of 1' 6", passing 
through a bolt-hole ; a crack 
2*6" long from the left of 
semi-circle, and a crack from 
the top of the plate to a bolt- 
hole at 1' 9" from impact. 
On the 7*5" plate, a crack 
*7" wide extended from the 
bottom of the plate to a bolt- 
hole at 11" from point of 
impact, and the plate cracked 
round parallel to the indent, 
and 11" above it. At the 
back, the 6*5" plate was 
cracked through and opened. 
Four rivet heads off j vertical 
rib and angle iron cracked 
through. The shot set up 
6 * 6 ". 

1222*0 Struck the lower edge of the 
7*5'' plate on a holt, made a 
semi-circular hole measuring 
l'9"xl2*6" and 7*6" deep. 
At the back, one rib and 
angle irons broken ; two 
other ribs much bent, and 
their angle irons broken ; 
inner skin and supporting 
plate bulged and fractured; 
extent of damage over a sur- 
face, 4'x2'; bulge of skin 
about 6" ; old loosened shelf- 
piece wholly detached and 
fallen; two through-bolts 
broken ; one driven out. 
The shot broke in half lon- 
at 608' gitudinally. 

1627*0 Strack the 7*5" plate on. 6 ver- 
tical, and 8" above 2 hori- 
zontal; plate driven in 3*76", 
and sHght crack across indent. 
Back of plate showed a large 
seven-starred crack, fissures 
f of cracks *2"; considerable 

bulge of plate ; adjoining 

rivets off. Major diameter of 

' ^ shot after fii*ing, 13". 


603020016E 
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OH THE 

"‘TIME OF BURNING” OF FUZES UNDER DIFFERENT 
ATMOSPHERIC PRESSURES. 

Extracted from. Comptes Eendus hebdomadaires des Seances de FAcademie des Sci^ces, 

Yol. LY. No, 21, 


Translated from tlie French of M, Dupour (of Lausanne), 

By Major FITZHUGH, E.A, 

Up to the present time there are but few available for an enquiry 

into the influence exerted by atmospheric pressure on the rate of combustion 
of fuzes. 

These ^^data^^ appear also to be sometimes contradictory; thus in 184}! 
M. Triga noted an increased rapidity of combustion in candles placed in an 
enclosure, where the air vras under a pressure of three atmospheres, whereas 
soon afterwards Mr Frankland, during an ascent of Mont Blanc, detected 
no sensible difference between the combustion of candles burnt at Chamou- 
nix and the combustion of those burnt on the top of the mountain. 

In 1855, Mr Mitchell, Quarter-master in the English army, communicated 
to the Eoyal Society the result of experiments made at various elevations in 
the Himalayas with military fuzes. His results show that the time of burn- 
ing increases as the pressure diminishes. 

The combustion therefore appears to be less active under a lower pressure. 

Mr Erankland last year repeated the experiments of Mr Mitchell and 
confirmed his results. Mr Erankland experimented on 6-in. fuzes, made at 
the Arsenal, Woolwich ; these fuzes were burnt in a close vessel in air artificially 
rarefied. 

In the experiments of Mr Prankland the pressure unavoidably varied a 
little during the burning of the same fuze, and in spite of the ingenious 
contrivances used by this scientific man, it is to he feared that the combustion 
was influenced by the smallness of the space in which it took place. 

In the month of July last, I tested the time of burning of fuzes under 
circumstances different from those under which the scientific English physi- 
cian made his experiments; I experimented in the open air, seeking pressures 
gradually lower and lower at different altitudes in the Alps, 

It is very difficult to determine accurately the duration of combustion of a 
fuze if the observer trusts to being able to note on any sort of time-piece the 
instant at which the fuze takes fire, and goes out. 

Errors in noting these instante, which errors may vary in different cases, are 
very likely to vitiate the conditions drawn from the experiments. 
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In order to avoid tMs source of error I used an electric machine for 
registering the duration of combustion. 

The fuze was lighted by a pistol, the hammer of which in falling interrupted 
an electric current. 

The burning out of the fuze fired a small quantity of gunpow^der, and the 
explosion caused the fall of a bar of metal, which re-established the electric 
current. 

The time of burning was thus noted on the register by the interval 
between two continuous currents ; this interval is easily expressed in time by 
a well-known process, which it is useless to explain. 

Some preliminary experiments were made to determine the degree of 
accuracy of which the method and the apparatus were capable. It appeared 
from these trials that the error could not exceed -xV second. 

Two groups of fuzes were tried under five different pressures, varying 
from 730 millimetres (28*7411 in.) to 588 millimetres (21T8il in.). The 
fazes were not so exactly similar as to give the same time of burning under 
the same pressure. 

To arrive at the influence exerted by the density of the atmosphere, 
it w’as necessary to burn a certain number of fuzes at the same station, and 
to take the mean time of burning ; a comparison of these means should show 
the influence of the pressure. ^ ^ ^ ^ 

In order to neutralize as much as possible the difficulty arising from the 
want of regularity of the fuzes, the mean times of burning were taken at 
each station after eight or ten trials. Sixty-eight fuzes were burnt at five 
stations. 

The elevated point des Chenallettes just above the convent of St Bernard, 
9700 pieds above the level of the sea, is the highest station in the series. 

After some difficulty the instruments were set up on the rocky ridge which 
terminates this high point. 

The first group of fuzes were very irregular, the second less so. 

The means obtained were as follows : — 

Tirst Group. 


Station^ 

Altitude* 

Pressure, 

Mean time 
of 

burning. 

Mean 

irregularity. 

OxrcHY 

080 XU. 

. 

^28 mm. 

e, 

9-96 

0-62 


1S40-77 Bag. a 

28-66 in. 

Gotjkzb 

mm. 

m.^4^ Bag. ^ 

686 mm. 
26*968 m. 

10-lX 

•64 

StPibbb® 

- imrn. \ 

628 mm. 
24*^ in. 

10-52 

•60 

I-StBeBSsAJHJ i 

; , ©ag.-iR. 

• fif 

668 mm. 
22-863 is, i 

11-20 

•66 
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Secoi^b Geoep. 


Station. 

; ^ j 

Altitude. i Pressure. 

'■■■■! ■■ 

■■ Mean time 
of 

burning. 

Mean 

irregularity. 


i 

s. 

s. 

Ouchy 

380 m. ■ i : 731 mm. 

1246-77 Eng. ft. ' 28-78 in. 

9*15 

0*23 

Si Pieebh ! 

j 

: , ' 16-10. m, . ■■628m.m. 1 

5380*74 Eng. ft. 24* 724 in. | 

' 10*12 

•29 

Cheyilueitis ^ 

2890 na. . : 53:8 mm. I 

9481 Eng. n. ; 21*181 in. | 

1 1 

11*09 

1 

*26 

1 


It appears that in both cases the time of burning increases as the pressure 
diminishes. To determine the value of this variation between two specified 
pressures, it is only necessary to divide the increase of time by the whole 
time of burning at the higher pressure, and by the difference of the pressures. 
Thus will be obtained a coefficient “which expresses the mean increase on 
unity of the time *of burning (P) for a decrease of 1 mm. or *0301 in. of 
pressure. The fuzes of the first group were too irregular to allow of my 
using them for the calculation of this coefficient ; those in the second group 
give the following values : — 

Between Oucliy and St Pierre . . 0*00104 

„ St Pierre and Chenallettes 0*00108 

These two coefficients which are nearly indentical show that the increase in 
the time of burning is proportional to the diminution in pressure. This 
very simple law has been already pointed out by Mr Prankland, 

To compare the values I have obtained with those of Messrs Mitchell and 
Pranklaiid, it is only necessary to calculate by the aid of their results the 
coefficient (in millimetres) between the limits of pressure most nearly corre- 
sponding to those I have used. 

Taking the observations of Mr Mitchell in the Himalayas at the pressures 
of 752 and 584 millimetres, the coefficient is 0*00161; between 752 mm. 
and 609 mm. it is 0*00140. Thus the increase of time was a little greater 
with these fuzes. 

Amongst the six pressures which appear in the experiments of Mr Prankland, 
the two which agree most nearly with the limits I have used are the second 
* 716*8 mm. (28*189 in.) and the fourth 570*2 mm. (22*441 in.) 

Mr Frankland has for the times of burning for these pressures 32*25 s. 
37*75 s. 

The coefficient from these results is 0*00116. Between Ouchy and 
Chenallettes my experiments give 0*00111. 

This agreement is very remarkable, and the more interesting because the 
fuzes used by Dr Frankland were diflerent in size, form, and time of burning 
from those which furnished the results given above. 

[yob. III. J ^ s 
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It may therefore be taken for granted that the time of burning of one of 
these fuzes increases in the ratio of O'OOll of its value for each diminution 
of -1 mm. (0'0394 in.) of pressure. 

These facts are very important in a military point of view, and should be 
taken into serious consideration whenever the time of burning of a fuze is 
an essential element of its employment. 

At first sight it would appear as if the increase of time of burning when 
the density of the atmosphere is less, were due to the decrease of oxygen. 
This cannot be so, as the fuze composition contains in itself a sufficiency of 
combustible gas in the form of nitrate. To make quite sure that the supply 
of oxygen from the air does not affect the question, I burnt thi’ee fuzes in a 
large bell filled with pure carbonic acid. The fuze was lighted by an electric 
current. The mean time of burning under a pressure of 7 IS mm. (28-15 in.) 
was 8*57 s. 

It is then the purely physical effect of the change of pressure, which acts 
in such a marked manner on the rate of burning of fuzes. 
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RESULTS OF EXPERIME?fTS 


HJUOS 10 IXDI 


VARIOUS FORMS OF RIFLING. 


By JOHN ANDEKSON, Es®. 

ASSIST. AIT BUTmijrXESrD-BlfT, EOYAE 002? . EACTOEIB.S. . 

roll some time past a question has been frequently raised in regard to 
the tendency wliicli different descriptions of rilling have to split the gun* 

The power required to give the rotatory motion to the projectile^ through 
the agency of ribs or grooves in the gun, must necessarily cause an opposite 
straining in the gun tending to open it^, or else to break the metal without 
actually splitting. 

"We can easily perceive that an inclined surface is more apt to split the 
structure than a flat or perpendicular surface^ but there were no precise data 
in regard to the position in which different planes stood with respect to each 
other. 

In order to ascertain this point, experiments have beep made in the Eoyal 
Gun Factories, by preparing cylinders of cast-iron, all of equal strength and 
area ; these 'cylinders were bored and rifled on the several plans shewn on 
the accompanying table, and to prevent the risk of error from any excep- 
tional defect of any description, several of each sort have been experimented 
with. 

Into these rifled cylinders there were correctly fitted corresponding plugs 
of steel representing the projectile ; these]; plugs were made to fit the part 
representing the gun, and being of steel, which is a stronger metal than the 
cast-iron cylinders, it was resolved to continue the experiments until a form 
of rifling was arrived at, in which the steel plug would be broken before the 
cylinder was split open. 

The experiment consisted in fixing one end of the plug representing the 
projectile in a frame which was immovable, its other end being within the 
cylinder. The cylinder was fixed in the centre of a lever fulcrum, and 
capable of having a torsional motion given to it, by the application of 
weights on the extremity of the lever. , 

The accompanying table shews the weight required to produce fracture on 
the several plans of rifling, and the diagrams will explain the exact form of 
the arrangement of rifling in the several systems. 
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TaMe of KTj)erimenfs o?i CasUiro7i Cylinders, Bifecl on various 

Systems. 


i 

s 

"■O' 

: 4 : 

■ ■'Hame,. 

Katirre of Hiding, 

■§ © 
s> § 

■Q Q 

^§1 

■fl rf SS 
•S ,2 ■ (j 
rSf t-» 

■o -6 

Kemarks. 

.V.:i 

.MiXm^caster’s' ' ,# ■ , .■ 

' 

OtsI . . . , ' , . ’ 

7-02 



Experim€^Iltal * . . . 

Bccagon 

23*29 


■ , 3 

Sir W. Armstrosi.g’s .. , , 

Three grooTcd shunt, , 

25*65 



Com-mander Scott’s .. . | 

j Three grooTcs, hut only \ 

\ two ribs bearing , \ ) 

I ' 

27*95 -I 


5 1 

'Mr Wliitwortli’s . . . 

Hexagon 

28*07 


' : ^ 

,Oom.maurler Seot'fs . 

: Two grooves opposite to ") 
each other .... 5 

29*00 


:7 

Exparimental . . • • | 

Two grooves opposite to'j 
each other . . . . ) 

29*18 


3 

Mr Ljnall Tliomas’s. . 

■ Three ribs 

35*09 j 



Commander Scott’s . . 

Tliree grooves .... 

35*30 1 

! ’ 

r At this weight the plug 


:Slr''''W'^. Arm'Btrong’s'"'. ' . . * '■ 

Ten grooved shunt , , 

1 ' " ' ^ ' i 

1 40*50, j 

< broke, imd the cylinder 
(.shewed a slight crack. 
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EXPEEIMEHTS PEEEOEMEB US’ THE EOYAE GOT FACTOEIES 

WITK ■ 

“STEEEO METAL.” 


By JOHN ANDBESON, Es<J. 

ASSISTANT StJPESI2fr,SI?DB2f3?^ EOYii aXJIf FACTOBIBS. 

Composition of this alloy as made in the Arsenal at Yienna is. 

Copper 60, Bine 41*88, iron 1*94, tin •166. 

And as made at the Polytechnic^ Yienna^ its coBiposition is^ 

Copper 60, zinc 46*18, iron 1*93, tin *905. 

Alloys of a similar composition to that of the Austrian metal have been 
prepared in the Eoyal Gun Factories^ from which a better result has been 
obtained than from mixtures of the Austrian metal also prepared in the Eoyal 
Gun Factories. The subjoined Table shews the results of the experiments 
with these different specimens. 


Composition. 

Treatment. 

Permanent 
elongation of 
'002 per inch. 

Breaking 

weight. 

. 

Ultimate 
elongation 
per inch. 

Austrian mixture 

■As received ... ... 

6*76 

26'76 

•1" 

E. G. Factories mixture of”) 



copper 60, zinc 39, iron 3, > 

'tin 1*5 3 

Bo. of copper 60, zinc 44, 

.Cast in .sand 

11 

21*5 

•06'' 


1 ' '' 



' iron 4, tin 3 . 

do 

13*75 

19*25 

*015" 

■ 'do ' 'do ' ' : . 

Cast in iron .... ............. ... . . 

17*25 

24*25 

•016" 

do do 

Cast in iron, and annealed... 

15*25 

23*25 

•02" 

do 'do, ^ 

Forged red hot 

17 

28 

•045" 


Note. — This alloy is said to he the inTention of Baron de Bosthorn, of Yieima. It derives 
its name from a Greek word, signifying " firm.” It consists of copper and spedter, with sinaE 
portions of iron and tin, and to these latter its peculiar iDtoperties are attributed. 

It has a brass yellow colour, is close in grain, is free from porosity, and has considerable hardness, 
whereby it is well adapted for bcaring-metai, or other purposes where resistance to friction is needed. 

Sterro-metal possesses another quality which, in reference to its application for guns, is regarded 
as more important than its high tenacity, namely, — great elasticity. 

The iuTentor proposes that in heavy ordnance the interior should consist of a tube of sterro- 
metal, and over this wrought,, or cast-iron should 'he shrunk from the breech to beyond the 
trunnions. — (See an interesting letter in the Times” of 3rd Eehruaiy, 1863). 
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THE LOCK OR TTJRI OE CARRIAGES 

ASD TKEIB 

TUENINe MGLES. 


By Lieyt.-Coi,. H. H. MAXWELL, E.H.A. 

0-]3r. Bengal. 

Let 7^=radius of limber-wheel 80 in. 

^ 2 = distance of limber-hook in rear of centre of axle 6*3 in. 

A=vertical heiglit of point of contact of the limber-wheel with friction 
plate on traib 28 in. 

^=half- width of trail at that pointy 4*5 in. 

half-horizontal chord at point of contact of limber-wheel^ 29*9 in. 
track or gauge of way less width of felloe^ 29*6 in. 

X=turning angle^ 44*^ 36' £8". 

5=breadth of space in which the carriage can just turn^ 30*82 ft. 

horizontal distance between axles, 111 in. 
d^==half-width, 31*8 in., and 

^=:length of pole pair of horses measuring from the centre of limber 
axle, 121 in. 

Then cos (X -f 6) = - cos <j>, 
w 

wherein tan ^ and (2r — k), 

w 

and + 7 cot X -f a tan I X -f- -{- (5' -f -r^ — • tan | X)^}. 

The figure shows the projections on a horisontal plane of the elements of 
the carriage which have an influence upon its lock and turning angle. The 
limber is shown in dotted lines with its axle parallel to that of the gun or 
wagon body, and in thick lines when the carriage is locked ; that is, when its 
limber wheel is in contact with the friction plate on the trail. 
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Produce tlie axle of tlie limber, when locked, untft it meets that of the 
gun or wagon produced in the point and produce the outer limber-wlieel 
to F, EF being equal to the length of the pole pair of horses measuring from 
centre of limber axle or Join and draw C'iT parallel to GIL The 
axle of the limber, as aforesaid, is shown in two positions. They intersect 
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each other at the point 0. From 0 draw . OJ parallel to GC, Then the 
/ IHO:=^\-= / / NCiL Join CB, B being the point of contact of 

the inside limber wheel with the friction plate on trail, and draw BA 
perpendicular to GC ; BA represents the half-width of the trail = h. 


Then, in right-angled triangle BCB^ in which 

BI)=zs--a, Cl) — mi put ABCD^tp, 


tan 4> ■ 


BD 

CD 


— a 

w 


In right-angled triangle ABC\ in which 


AB=^l and IJCJB = ^ ^ + X), 

4} 


B0=: . 


sin AQB cos + X) 


(I). 


Again, in right-angled triangle BCD, in 'which we have the values of 
BG and Z BCI) as before, 


JO: 


to 


sin CBD cos 


(II). 


Equating these two (I. and II.) values of BC^ 

/■ . b W "■ 

COS (X + <^) ”” cos (p ' 

hence w cos (X -p (|>) = ^ cos 

and cos (X -f <^) = ~ cos (p ; 

w 

from whence having calculated < 5 &, we can deduce X. 

On consideration of the figure the least width in which the carriage can 
turn in, or B, is the sum of the straight lines BE and /IF, the latter being 
the least radius of circle in which the carriage can make a complete circuit, 
and the former the distance between the centre II and the point £, the 
outside edge of the wheel of the gun or wagon. 

In right-angled triangle lOHj in which we have 
/0 = e/, and lIEO^X, 
lE^d tan / lOE = d cot X, 

and 

smX 
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In riglit-angled triangles CNO, CMO, CM=^ OW, CO is common to both;, 
and the angles CWO and C 3 IO are right angles,; . 

A ACm'^ACMO,'-^ 
and ' / : ^ 

. and WO=s ]\iOy 

that is^ the angle ]fCJI=:X^ is bisected by 

. and, ^ I NOO = MOO = Ik. 

In right-angled triangle 0310 ^ in which ' ^ 

CJf = a, and z J/00.-= iX,... and Z 0JfO ,s right anglej 

MO = MO = a tan |A. 

■■ .'2Cow, 

jiiifl LII ’=sz LG -|- G’l -|- LM = 4" ]S O +• /S' = 1 / .fitari|X -|- rf cotX*. 

. SJ= ^ . . 

)jiit EH HO + EO = A- + EM- Olf = -L— + b' -a tan U, 

Sin X sin X 

then HE==^{r- + (*' + -Z_ - « tan i X)2}, 

^ Sin X ^ ^ i 

mici -Zt *4- ^Z cot X tan ^X -4“ ^/{Z^ "t* (P' *4* ^ tan 1X)“}, 

‘ sm X -i > i' 

Tlie following is tlie calculation for the Bengal 9-pr. gun carriage : — 

« = ^//i{%r — h) = %/28(60 — 28) = 39-9 in., 
taiK^ = and <j> = 3S'= 33' 65", 

cos (X + ^) = ^ cos^ = ^ cos 38“ 33' .6.5", 

X + ^ss: 83“ 10' 23" 

^ = 38“ 33' 55" 

X = 44° 36' 28" 

|X=22“i8'14" , ■ , / ; 
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= y -I- cot X + « tan JX 4- ^{^2 ^ ^ «_ ^ t^n fX)-} 

^ ^ sm X 

= Sl'8 4 111 cot44'' 36' 28" 4 6*3 tan 22° 18' 14" 

+ VK1“)* + (SI'S + at/sVas" - ‘“®*° ‘®' 

== 146*88 4 222*97 = 369''*85 or 30'*82, 

p or radius in wWcli a complete circle can be made =:/// is tbe quantity 
under the vinculum^ 

p = 222"*97 or 1S''5S* 

The above are the investigation and figure I have made of the formulae 
which are given at page 80 of Hiitz and SchinotzFs Handbook of the 
Eoyal Bavarian Artillery/'^ 




THE EOYAL AEMIEEST IlfSTITUlIOK, 


MMAL EEPOET 


ABSTEACT OF FEOCEEDIKGS OF A GENEEAIi ItEETIJTO OP THE EOYAI, 
AETILLERY INSX'ITCJXION, HEIA) OH TUESDAY, MAY 13, 1803. 


MAJOE-GasEBAi Sib B. 1 . DioSEg, e.o.b. ur tub Chaib. 


1. Is presentingto the General Meeting the Amiual Ptcport and Abstract 
of Accounts for the v ear ending 31st Marc\ 13G3^ the Cumniittee notice 
with satisfaction the large increase to the number of .Meojbers made during 
the. year.- ' . ^ 

The following Table shows tliis increase ; also the changes in the various 
Raiiksj incident to promotions, deaths, and other causes. 


Besides the many young officers who, on first being commissioned, have 
joined the Institution, the Committee observe that the total addition for the 
year of 107 Members, includes 63 of their brother officers of the late India 
Artilleries, — an earnest they believe of a further increase when the objects 
of the Institution are fully known. ^ 

[von. III.] f 


BANK. 


April, 1862. 

! 

0 

1 

1 

} - 

^ i ' 
is 

’> 


Deceased. | 

Apia, 1863. 

EFFECTIVE LIST. 

£ s. d. 

1 

1 

] 

J 






General and Eegimeiital Field OiTiccrs, 



1 






paying; annaidly 

1 6 0 

145 

s 4-20 


_ 0 


- 5' 

158 

Captains.. 

0 16 0 

311 

1 +w 


-1 


- 6 

376 

Lieutenants 

0 10 0 

423 

j 4*28 


- 2 


-4 

415 

Qufirter-Maators 

0 10 0 

6 



0 


0 

6 

3Tti(jing-Mast(?rs 

0 10 0 

2 

1 


0 


0 

3 

Surgeons-Major 

1 0 0 

3 

0 


0 


0 

3 

Siirp’eons 

0 16 0 

C 

0 


- 1 


0 

5 

Asvsistant-Surg'eoiis 

0 10 0 

22 

0 


- 2 


0 

20 

Veterinary Surgeons 

0 10 0 

2 

0 


0 


0 

2 

BETIUEB LIST. 



' 






General and Eegimental Field OlHcers 15 0 

16 

4- 4 


0 


— 2 

18 

do do 

0 16 0 

2 

0 


0 


0 

2 

do. do 

0 10 0 

8 

0 


0 


- 1 

7 

do. do. 

0 7 6 

8 

0 


0 


- 1 

7 

■ Captains..................... 

5 0 0 

1 

0 

} 

0 


0 

1 

do 

0 16 0 

11 

] 4- 2 


- 1 


0 

12 

do 

0 10 0 

4 

4- 2 


- 1 


0 

5 

do... 

0 6 0 

S 

1 0 


0 


- 1 

7 

Snrgeons-Major 

15 0 

0 

1 ' 


0 


0 

2 



1007 

4-1G4 


-10 ' 


-10 

1082 

Honorary Members 

0 10 6 

30 

4- 3 


- 6 


- 1 

26 
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A List of Members is^, for tlie first time^ printed with this Eeprt. It is 
not intended to repeat this every year, as a Volume of Proceedings when 
completed (and containing probably more than one Animal Report) would 
thus be encumbered with many pages of nameS;, needlessly adding to its bulk. 
Still it is thought that at intervals^ of perhaps five or even ten years^ such a 
record of the supporters of the Institution may be acceptable. 

2, With regard to the funds, the Committee are glad to inform the 
General Meeting that, by the produce of the sale of the Hand Book for 
Field Service/^ by economy, and by the steady improvement in the annual 
income, tliey have been enabled at the close of the year to rc-invest a sum 
of £500 ill 3 per cent. Consols stock, which sum was withdrawn about three 
years ago, wdien the funds were less flourishing, for the discharge of out- 
standing debts. 

The Committee are aware that a favourable Balance Slieet is by no means 
the only criterion of the prosperity of this Institution — the success of wdiich 
is to be measured rather by what it effects for the good of its Members with 
the means at its disposal. 

The abstract of the yeaPs income and expenditure is shewn on the 
opposite page. 

9. 'Printing and Puhlication , — Of the means at the disposal of the Com- 
mittee for effecting the most general good, under the present circumstances 
of the Regiment, the spread of information on professional subjects, through 
the printed “ Proceedings,^^ seems to be the chief. 

The aimexed list of Papers, published during the year, shews a large 
increase in the amount of printed matter put forth j and it is hoped that, in 
professional interest, these Papers will not contrast unfavourably with the 
fruit of former years. 

While on this subject of publication, the Committee desire respectfully to 
acknowledge tlie existence of a more liberal disposition on the part of H.M. 
Government than prevailed in former times — a disposition to impart more 
freely the records of experiments aflecting Artillery science; to permit the 
reprinting of these and similar papers ; and, in some instances, to allow the 
Institution to avail itself of the Government type, to work off (at a consequent 
saving of time and cost) a sufficient number of copies of some good Report, 
for circulation among its Members. 

It is contemplated still further to increase the benefits here alluded to, by 
a grant of a limited number of copies of Selections made from the Quarterly 
Abstracts of the Ordnance Select Committee, to be printed by the War 
Department, and distributed under conditions approved by the Right Hon. 
the Secretary of State for 1/Var and H.R.H. the Field Marshal CommandiiigT 
in-Cbiei* 

llie advantage that may be expected from thus imparting knowledge on 
subjects of present interest, before that interest has died awuy unsatisfied, can 
hardly be over-rated, and calls for the thankful recognition of all who will 

'■ bttiefit by it. 


^ sine# tMs Eeporl; wai wriUsen, 11, of tboso Selections Kaye been issued. 
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The Comgsittee take this opportunity of acknowledging their obligation 
to the Director of Ordnance, the Dept.-Adjt. General, the President of the 
0. S. Committee, and to the Secretary of that Committee \vho never ceases, 
in the midst of ins own duties, to regard the welfare of the Institution. 
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To tiose officers who liaye contributed papers to the “ Proceedings/^ whose 
names follow their respective contributions in the annexed List, the Committee 
express their sincere thanks,— only regretting that, of the large body of 
Officers representing the Eojal Eegiment of Artillery, so few (out of the many 
who are competent) embrace this opportunity of converting some of their 
special knowledge and experience into common property, for the good of 
all. They again invite their brother Officers to make use of this mode of 
improving the communication between the scattered units of the Corps for 
the good of the entire Regiment. How much of a practical nature might be 
gathered from the manifold experience in the various climates in which our 
Troops are called to serve ! 

List of Proceedings f printed during the Year, 

On the determination of Range Tables for Rifled Ordnance. By Colonel J . H. 
Lehoy, R.A., P.R.S. 

Remarks on Iron Defences. By Captain H. C. S. Dyer, R.A. 

Reports of Experiments carried on at Shoeburyness by the Special Committee 
on Iron, on the 9th May, 1861, and on subsequent dates. 

Remarks on the System of Ordnance calculated to prove the most efficient against 
Iron-clad Ships and Battenes. By Lieut.-Coloiiel Boxer, R.A., P.E.S. 

Annual Report and Abstract of Proceedings of a General Meeting of the Royal 
Artillery Institution, held on Tuesday, May 20, 1862; Major-General SirR. J. 
Daeres, K.C.B., in the Chair. 

The Question of the Day, or 'Hron Plates’^ vermm Guns.” By Lieut. W. H. 
Noble, R.A., M.A. 

Report of the Minister of Marine, Paris, February 9, 1859, relative tb the Proof 
of Rifled cast-iron Guns, and the revision of former Regulations respecting the 
fabrication and proof of all iron cannon for the Imperial Naval Service, Translated 
by Colonel Greathed, C.B., and Colonel J. H. Lefroy, R.A, P.R.S., for the 
Ordnance Select Cormnittee. 

Account of Experiments against Iron Plates, carried on at Shoeburyness, on the 
8th April, 1862, Furnished by Captain E. J. Bruce, R.A. 

Remarks on permanent Forts and Movable Floating Batteries as a means of 
Defence against the Bombardment of our Arsenals and Dockyards by an Enemy’s 
Ships. By Lieut.-Colonel E. M. Boxer, R.A., F.E.S, 

Account of Experiments carried on at Shoeburyness, on the 26th June, 1862. 
Contributed by Captain E. J. Brace, R.A. 

Account of Experiment carried on at Shoeburyness, on the 7th July, 1802, to 
determine the resisting powers of the ‘‘Minotaur” class of Men-of-War. Con- 
tributed by Captain E. J. Bruce, R.A. 

On the adaptation of the Cupola of Captain Coles to Alodem Fortresses. By 
Lieut. F. Duncan, R.A., M.A., F.G.S. 

Belgian Experiments on the Proof of Gunpowder in 1858. Extracted from a 
Report by Lieut.-Colonel C. W. Younghusband, R.A. 

Extracts from the Report of an Austrian Military Commission on Gun Cotton. 
Contributed by Colonel J. H. Lefroy, RA., F.E.S. 

Report on Experiments with Navez’s Electro-Ballistic Apparatus. By Captain 
A* Noble, late R.A. ■ 

Description of Navez’s Electro-Ballistic . Apparatus, for determining the velocity 
■ -'.of Bj; Lieut. W. H. Noble, R.A., M.A. 

Experiments which took place at Shoebinyness, on the 16tli and 25th September, 
1862 , m order to test the power, of the Horsfall Gun. 
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Account of Experiments carried on at Slioebiiryness, on the IStli November, 
186^, with Wliitworth^s Projectiles, fired from the same guns as those used during 
the Experiments of the 16th and ^5th September, 1863. Contributed by Captain 

E. J. Jiruce, E.A. 

March of a Half-Battery Battery, 4tli Brigade), Eojal Artillei^^, from 

St John, New Brunswick, to the Terminus of the Grand Trank Kailway, at 
Eiviere-du-loup on the St Lawrence, February 6th to 10th, 1862. By Lieut* 

F. M. Smith, K.A. 

On iiiidiiig the Centre of Gravity of a Gun on its Carriage and Limber, or of a 
Gun on its Carriage unlimbered. By Lieiit.-Colonei li. H. MaxweH, E.H.A. 
Cupolas and Forts. By Lieut. F. Duncan, E.A., M.A., F.G-.S. 

Observations upon changes that must be introduced into Works of Defence to 
enable them to keep pace with improvements in Artillery. By Captain C. S. 
Hutchinson, E.E. 

Account of Experiment carried on at Shoeburyness, on the 29th December, 
1862, against a Shield constructed on the principle proposed by Captain Ingl is, E.E., 
representing an Iron Embrasure, for either Caseraated or Open Coast Batteries* 
Contributed by Captain E. J. Brace, E.A. 

Explanatory Statement, and Balance Sheet of the Crimean Memorial Fund.” 
Furnished by Colonel J. H. Lefroy, E.A., F.E.S. 

On the application of Ilified Cannon to the operation of Breaching unseen 
Defences by High Angle Firing, By Colonel J. H- Lefroy, E.A., F.E.S. 


4. Lilrarij. — ^T'he following is the list of boots, plans, maps, &c. &c.^ 
purchased or presented ; — 


Lithographic Yiews of the Crimea 3 

Portrait of Lieiit.-Gen. the Eight Hon.') 

Sir George Murray, K.C.B., &c, &c. &c. > 1 

and Master- General of the Ordnance ... 3 

Gibbon’s Artillerist’s Manual 1 

U. S. Military Commission to Europe, 1855 ) 

and 1856 3 

Benton on Ordnance and Gunneiy 1 

Photographic Portrait of Captain Dalghren, 1 , 

U.S. Navy 5 

Negative Photographs of Armstrong Guns \ ^ 

packed on Sleighs j 

Eiissian Artillery Journal. Nos. 7 to 13, 7 

1861, and 1 to 10, 1863 | 

Eussian Small- Arms Journal. Nos 1 and) a 

3, 1861, and 1 and 3, 1863 J ^ 

Experiments on Metals for Cannon and) 

Camion Powder ) 

Minutes of Proceedings, Institution of Civil 7 „ 

Engineers. Yols. XIX. and XX j- 

Proceedings of the Eoval Society, Yob, 7 « 

XL and XII 

Eemarks on the System proposed by theY 
Eoyal Commbsioners for the Defence of / .. 

the Country, by Lieut. -Colonel E.- M. i ^ 
Boxer, E.A., F.E.S. / ' 


Colonel E. Bum, E.A. 
Captain E. Boyle, E.A. 


I Colonel F. Eardley-Wiimot, 
E.A. 


’ Colonel N. de Novitzky. 

C Secretary for War, War Depart* 
\ meat, Wasbington. 

Institution of Civil Engineers. 
Eoyal Society. 

The Author. 
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Abstracts from. Meteorological Observations \ 
taken at tbe Stations of tiie Eoyal Engi- / 
neers in tbe years 1853, 54, 55, 66;, 57, C 

58 and 59 ) 

Miiitarie Discipline, or tbe Young Artillery- \ 

man (date 1661) ) 

Eeviews of Volunteers in Hyde Park and! 

Edinburgb. (Cbromo-Iitbos) 5 

Map of tbe country from Vera Cruz to 

Mexico 

Eeply to Lieut. -Col Boxer’s pamphlet onY 
tbe system proposed by tbe Eoyal Com- f 
missioners for tbe Defence of tbe f 
Country, by Col. J. H. Lefroy, E.A. ... J 
Herzeogovina, or Omar Pasba and tbe"l 
Gbristian febels, by Lieut. G, Arbutb- > 

not, B.H.A 3 

Eepoit and Photographs of Experiments S 
carried on by tbe Special Committee on / 
Iron, at Shoeburyness, between January f 

1861, and March, 1862. ) 

Danish Artillery Journal 1855 to 1861,”) 
inclusive, and Nos. 1 and 2 for 1862... } 
Dndersogelser betroefende Skydning, by) 

H. de Jonquieres j 

Maps of tbe Yang-tse-Kiang river, from*) 
Capt. Blakiston’s survey in 1861, and > 

Mongolia or Chinese Tartary ) 

Five months on tbe Yang-tse, by Capt. ) 
T. W. Blakiston, E.A. ) 

Collection of Maps and Surveys of, and) 
observations taken at, Canton ) 

Photographs of Men and Horses of the*) 
Eoyal ibrtillery, shewing arrangement of > 

Dress and Appoiutments ) 

Observations on the Guns, Carriages, and'*) 
Ammunition, and instructions for the ( 
care and use of Armstrong Guns. (Land f 
Serrioe) 

Books on Artillery and Fortification, — 
JB’ortificationo Della Citta, par Blaggi and Cas- 

triotto. Venice, 1664. 1 Vol. 

lElemenfea de Fortification, par H. Le Blond. 

Paa 0 ,im IVol 

Traits oomplot do Fortification, par Koizet de 
SiFaial. Paarw, 1818. 2 Vols.. ........ ......... 

Do FAtteOttC ©I de la Defense des Places, par 

Vanljan. La Hsye, 174f84. 2 Vols 

ItosMaiMl 'Ck^mottlwiiigne, par Boiismaid. 

Berlin* 1803. IVoI 

Ve^tiiis Bemttts «t alii Soriptores Antiqni de 
re Iffitan. VerstlicB, 1670. 2 Vols; 

3Lft Oonnoissano© Parfaite des Olievanx. Paris, 

. 1741- ,lTol 

Jfawd sne les wmm de Ewertoent, par l^rks. 

Piiri% mh 1 Vol 

Duteh AirtiBeiy plates * • . . , * .v . > , . , ^ . ; . . . . .-i , , 


1 Colonel Sir H. James, E.E. 

f Mast-Gunner James Fletcher, 

^ I E.A. 

^ (The Director Topographical 
^ f Department, War Office, 


The Author, 


1 The Author. 

r Tbe Secretary of State for War, 
3 < through the Director of Ord- 

( nance. 

^ ) Major H. de Jonquieres, Danish 
^ k Artillery. 


I Captain T. W. Blakiston, E.A. 

( The Widow of the late Brig.- 
< Gen. W. T. Crawford, E.A. 
C through Col. Buchanan, E.A. 


19 


- The Dep.-Adjt. -General, Eoyal 
Artillciy, Horse Guards. 


11 


f C. Monro, Esq., ' 
L late Lieut. K. 


by desire of tlie 
Monro, E.A, 


4 Major Delprat, Dutch Artillery. 
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Notices sttr les objefcs envojes a Fexposi--) 
tion de Londres. Be FaErieej 1862 ..- ) 

A series of Stereograms taken at Hydrabad 1 
and Secunderabadj Iiidia, by Capt. A. N. > 

Scott, B.A ) 

Smitbsonian Miscelianeons CoEections, 

¥ols. L— I? 

Meteorological Observations 

Annnal Eeport, Smitbsonian Institntion, 
1860 

The organization, composition, and strength *) 
of the British Army ...................... ) 

Lithographs of Gnus, Carriages, Wagons, | 


' Mr Cole, Super. Department of 
, j ■ Science and Art, Brompton, 
through Major 0. H. Owen, 
E.A. 

94 Captain A. N. Scott, E.A. 


&c 


Photographs of Gnus, Carriages, Wagons, 

&0 ..... 

Journal of the Eoyal XJnited Serriee. Insti- 
tution (Nos. 21 to 24) 

Examination Papers, Eoyal Military Aca- 
demy. June and December, 1862. 
Official illustrated Catalogue of the Inter-- \ 

national Exhibition of 1 8 6 2 j 

Catalogues of the Maps, Plans, and others 
Publications of the Ordnance Survey of / 
England and Wales, Scotland, and Ire- i 
land ...................J 


32 

34 


1 


4 

3 


L Smithsonian Institution, 
f Washington, U.S. 

The Secretary of State for War, 
through the Director Topo- 
graphical Department. 

Eoyal Carriage Department, 

f Photographical Establishaient, 
\ War Department. 

The Council E.U.S. Institution 
The Insp. of Studies, E.M.A. 
Captain H. B. Saiidford, E.A. ; 

( The Director of the Ordnance 
\ Survey, Southampton, 


Saoh PuTclmed, 

MeyricFs Ancient Armour, S vols. 3 

The Harbours of England, by Euskin and Turner 1 

Eeiling’s Genaaa Guide 3 

„ Complete Guide to German Literature ... Z 

The Weather Book, by Bear Admiral FitzEoy 1 

Ga not*s Physics, by Atkinson 1 

Her schef s Outlines of Astronomy 1 

Gould’s Birds of Great Britain. Parts 1 and 2 .... 2 

The Ibis (periodically) 3 

The Nautical Almanack, 1863 1 


Puilicatiom of Learned Societies, Periodically, 


Coniptes Eendus. 

Le Spectateur Militaire. 
Journal de Mathematiques. 
Journal des Sciences Militaires. 


Journal des Armes Speciales. 
Journal of the Society of Arts. 
Art Journal. 

Proceedings of the Eoydi Society. 


The sale of the photographs executed at the Photographic Department 
of the War Office, has been very great, exceeding 900, invoking much 
additional work in completing the numerous orders received. 
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The excellent lithographs drawn in the Carriage Department^ of mate- 
rial produced there^ have had a more limited sale ; it is thought that they 
may not be so generally known. 

Lists of both photographs and lithographs are sent to ilembers, from 
time to time^ corrected to the latest issues. 

5. Mtisemn . — ^During the past year the Museum has been enriched by 
many valuable donations. In ornithology there have been presented by 
Captain Keate^ E.A. humming birds and others from Trinidad — these have 
been grouped in a separate case, as showing a portion of the fauna of that 
island; by Captain Freeth, E.A. some humining birds and nests; by 
Captains Barton and Tw^eedie, E.A. specimens from North America; by 
Lieut. Slessor, E.A. others from Bermuda and Demerara. A valuable 
collection has been given by Lieut. Maule, E.A. from Madagascar; by Capt, 
Biakiston from China ; by Asst.-Surg. W. Temple, E.xi. from New Zealand. 

From J. K. Lord, Esq. some rare and valuable specimens from Califoniia 
have been received ; also a splendid collection from British Columbia, of 
animals, birds, eggs, and insects. Time has not been given, since the arrival 
of these specimens, to prepare a proper catalogue for this Eeport. 

The collection of British birds proceeds veiy slowly, the only additions 
for the past year, being a pair of the common, and a pair of the red-legged 
partridge, presented by Major Ingilby, E.A. ; it is much to be hoped that 
Members who have the opportunity will assist in the completion of this 
most interesting part of the Museum. 

Game birds from ail parts of the world -are requested. They are of 
interest not only to the naturalist,, but also to the sportsman. Such a 
collection at the Institution, properly classified according to locality, would 
be found useful to Members wdien ordered on Foreign service, for con- 
sultation as to what they might expect in the way of sport, if not for any 
more scientific purpose. 

In couchology great progress has been made, Lt.-Col J. Desborough, E.A. 
having contributed a large collection, numbering more than 700 specimens, 
'many of them very fine, and in good condition. 

Entomology has this year been a blank, with the exception of wdiat has 
been presented by Mr Lord; there is however a promise of 250 specimens 
from India, by Lieut. Hime, E,A., and specimens from other quarters would 
be much valued. 

Presentation to the Museum. 

Collection of Silver and Copper Coins) n x • o m t> » 

(chiefly English) \ - Sandilands, E.A. 

Specimen of the Finest Grain or Stream') 

Tin, from the neighbourhood of St > 1 Mr Fuilom, E. C. D. 

Auille* Cornwal ) 

Samples of the ingredients (at different^ i xtr tt * i . 

stages) used in the Manufacture of gun- I ^ o ( Askwith, E.A., 

powder. Also of gunpowder varying f } Supemtend. Eoyal 1 owrier 
in size of grain ...... ^ Factories, Waltham Abbey. 

■ lWs:&DjaNewZealaEd» Ifl. ( 

. , \ M.B., E.A. 


* Vide Appendix I. p. 286. 
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Maori (Few Zealanders) lisli Hooks- ;■ ;S 

Engiisli Partridges 4 

Geological Specimens (Aberdeen Granite) 7 

Instrument for laying Mortars . . , . . ....... ^ . . 1 

Humming Birds, and others . . . ... 52 

Birds from British Columbia ... ...... 

Animals, do do 19 

Birds from California^ ■ 38' 

Animal do 1 

Eggs do ■ 6' 

Specimens of Small Eish^ 17 

Humming Birds 

Hosts 

Snake (Cobra) 

Fish (Saw) 

Heat 

Large Collection of Shells 

Chinese Flag, taken by Lieutenant-Colonel 
J. Besborough, E.A*, at the Capture of 
Tang-Ku ....... ................... ........... 

Impeyaii Pheasants 

Skulls of BeaTer and Bog 

Horth American Birds ^ 

do do ^ 

Bullets of, and Apparatus for Firing the) 
Banish Infernal Machine, which fires > 

90 shots per minute ) 

Indian Butterflies 28 

Insects from Westeim Africa 4 

Birds (West Indian)^ 6 

Shells do 2 


Lieut. A. F. Pickard, E.A. , 
Lt.-CoL C. H. Ingilby, E.A. 
H. Eamage, Esq., Aberdeen.' 
Lieut. B. Cameron, E.A. 
Captain E. Keate, E.A. 

K. Lord, Esq., Boundary 
Commission. 

Sir J. Eichardson, through 
Lieut. Eichardson, E.A. 

I Captain E. K. Freeth, E.A. 

1 Maj .-Gen. W. F. Forster, k.k. 


. Lt.*CoL J. Besborough, E.A# 

Lieut. E. S. Burnett, E.A. 

2 Lieut. B. J, Boiinor, E.A. 

10 Captain J. Barton, E.A. 

5 Captain M. Tweedie, E.A. 

set Major W.H.Goodenougb, E.A. 


Colonel J. H. Lefroy, E.A. 

Mr Whitely, 

I Lieut. E, A. Slessor, E.A. 

( Commandant of the School of 
I Gunneiy, Shoeburyness. 


Fragments of Whitworth’s Steel Shells 11 

Eussian Sword Blades of Col. Obookhof *s ) 

Cast Steel, awarded a Prize Medal " at > 8 Colonel H. de Hovitzky. 

the International Exhibition, 1862 ... ) 

Fragments of Shot and Shell 15 

Specimens of Steel, Wrought, and Cast- 
iron Shot, fired fr*om Eified Wall Piece... 12 

Chinese Bank Hote 1 

do Pawn Ticket 1 

do Officer’s Pass 1 

do Private’s do 1 

Madagascar Birds ® 43 

Chinese Model of Fire Engine 1 

do Water Cart 1 

Head of Bat-tail Snake 1 

Chinese Birds^ 62 

Minerals from the Yang-tse ® 


I Special Committee on Iron. 

Captain T. A. J. Harrison, E. A# 

Lieut. G. E. Maule, E.A. 

) Vet.-Surg. J. B. W. Skooldlng, 
J E.A. 

Lieut. J. F. Owen, E.A. 
Captain T. W. Blakiston, E.A. 
do 


1 Vide Appe»di3C I, p. 284. 
® Ubid, p. 286. 


2 Ibid, p. 288. 
« Ibid, p# 287# 


. 3 Ibid, p. 284. 
,Mbid,p. 285, 


4 Ibid, 
s Ibid, p. 
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6. Languages , — ^The classes for tlie Study of the Frencli and German 
languages have met as usual, intermitting only the i^eriods of the summer 
and winter vacations at the E. M. Academy. 

7. Sufveging and Practical Astrmomy^—Dmmg the past year several 
Officers have taken advantage of the Institution, to ^ obtain a knowledge of 
these branches. They have received instruction in finding latitude and 
longitude, in working lunar observations, in the use of the transit, and 
altitude and azimuth instrument. 

It is expected that very shortly Mr Barlow^s large telescope will be 
mounted at the Observatory, when various celestial objects may be viewed 
by its aid. 

8. Photograplg . — ^The Photographic rooms and apparatus were never 
in such good working order as at the present time. The Committee are 
partly indebted for the improvements that have been efl;ected to the advice 
and practical knowledge of Lieut.-Colonel Desborough. 

A small portrait camera and lens, for carte de visite likenesses, has 
been added, and has afforded entertainment to many. 

As the season advances, a Class will be formed for instruction, as was 
done last year, only under different auspices.^ 

9. Chemistry . — ^The Chemistry Class, under the able instruction of 
Mr Bloxam, has met once a week, with the usual intervals at Midsummer 
and Christmas. Every member is free to pursue his researches, at his own 
discretion, during the week. 

10. Taxidermy , — It is to be regretted that this Class has not been 
resumed at the Institution. But the Committee are glad to learn that, both 
at the upper and lower Cadet Barracks, Mr Whitely has pupils who work 
with him during their spare time. The Lieut. -Governor and the Inspector 
of Studies recognize the wholesome character of such a pursuit — leading as 
it often does to a thorough love for ornithology, and bringing to the sports- 
man a new resource. 

The gentlemen who, as Officers, have contributed most ably to the TsTatural 
History Museum, are for the most part those who took up this pastime as 
Cadets. It may be permitted here to mention with interest one who, having 
left the Eegiment, still adds liberally to his former gifts, who is now 
engaged in . geographical exploration, and in widening his knowledge of 
Natural History ; the Committee refer to Captain Blakiston, who last year 
received, for liis enterprising survey of the Yang-tse-Kiang,"^ the Gold 
Medal of the Geographical Society. 

11. Drawing . — ^Mr Aaron Penley continues to have a large Class of 
Officers for landscape drawing. 


^ TliiB Class ta since been formed, and bas commenced work. 
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12 . JjeeiMfes. — ^Ie addition' to the Tegalar courses of Lectures to the 
Gentlemen Cadets, comprising Natural Philosophy, Applied Chemistry, 
Practical Mechanics, Mineralogy, and Geology, all of wliicli are delivered in 
the Theatre of the Institution, and to which all Members have access, other 
Lectures have been provided by the Committee for the Members and their 
families, such as Lectures by Mr Goodeve, Professor of Mechanics, E.M. 
Academy, ^^On Sound, Light, and Heat, considered as modes of Motion 
by Mr Bioxam, Lecturer on Chemistry, E.M. Academy, On the Chemical 
Eelations subsisting between Fuel and Fire/^ The Committee desire also 
to express their thanks to T. Howell, Esq., for a paper kindly read by him 
on ^"^A Day^s Sight-seeing in Japan/' and to the Chemist to the War 
Department, Mr Abel, for his interesting Lecture On the Treasures hid 
in Coal-Tar/' 

13. Evening Meefmga, — Members are still invited to send papers to 
be read at these Meetings, which are held at no fixed periods, but arc 
convened when the Committee have before them matter likely to lead to 
interesting discussion. 

The thanks of the Committee are due to Captain Hutchinson, B.E., for a 
paper read by him at one of these Meetings, entitled Observations upon 
changes that must be introduced into Works of Defence to enable them to 
keep pace with Improvements in Artillery." The same is printed in the 
^^Proceedings." 

14. Model Room, — ^Tlie very complete collection of all service projectiles, 
fuzes, tubes, &c. &c., whole and in section, prepared by the Superintendent 
Eoyal Laboratories, and presented by H. M. Government, on the application 
of the Committee through the Director of Ordnance, now forms one of the 
most instructive features in the Institution. 

This collection forms the groundwork of what may grow into a useful 
assortment of military models. 

A list of these Laboratory specimens is given in Appendix EE. p. 2S9. 

15. Ancient Anns and Uniforms, — The additions to tins branch have 
been insignificant. The mounting of two figures with suits of Pikemen's 
and Cuirassier's armour is in progress. 

Also eases are in course of construction to contain, among other things, 
some of the suits of Officers' uniforms already received. Contributions of 
any parts of the uniforms formerly worn by Officers of Eoyal Artillery, even 
down to the latest change, will be gladly received. 

Tlie Committee regret that from China and India they have received so 
few contributions of native arms. 

16. PAotograpAie LiJeenesses and Views of Foreign Siations, — A hand- 
some book has lately been procured to conhiiii the likenesses of officers 
already received ; these are chiefly of two kinds, one- — and this the preferable 
size — a three-quarters figure, on a plate-, 8 '' x 10 ^^ 5 the other, carte de 
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visite^^ size. They consist of Officers both in and out of uniform j of course 
the former is preferred. 

All who have not yet contributed to this only Eegimental Collection are 
strongly urged to do so. 

Photographic views of Poreign Stations have been received from Lieut. 
Hon. A. B. de Montmorency, R.A. of the Artillery Mess House and Mess 
Compound, Bangalore, India; and from Lieut. A. B. Browne, E.A. a series 
of views of Gibraltar. 


1. JProj^osed hy Sir R* /. Dacres^ seconded iy Colonel BueJianan^ md 

carried ) — 

That the Eeport of the Committee be received and adopted.”^^ 

2. Proposed ly Major Reilly ^ seconded hy Major Field) and carried ) — 

^^That the Committee be requested to make application to the Secretary 
of State for War, that copies of all Blue Books and State Papers, of general 
and professional interest, be presented to the Institution, as was done, under 
the late Board of Ordnance, to the Eoyal Artillery Library/^ 

3. Proposed ly Lt-CoL Beslorough) and seconded ly Major Field ) — 

^^That in any future edition of the ^Hand Book for Pield Service^ which 
may be published by the Institution, every Member shall receive a copy of 
the same gratis/^ 

To ihk proposition ’ an amendment was moved ly Major Reilly ) seconded ly 
Colonel Buchanan) and carried ) — 

That this question be referred to the Committee for report at the next 
General Meeting.^^ 

4. A vote of thanks was passed to the Secretary. 

5. Addition to Rule IF^ proposed ly Committee) seconded ly Colonel 
Bmhanan) R.A,) and carried ) — 

^^That the Director of Artillery Studies be, ex officiO) a Member of 

Commiltee/^ 

6. Change in Rule XF ”., proposed ly Committee) seconded ly Meut-CoL 
Beslorough) R,A.) and carried ) — 

That, owing to the difficulty sometimes found in obtaining the attendance 
at Committee Meetings of five Members to form a quorum, in future the 
Committee may proceed to business with three instead of five Members, and 
that Buie XX* be altered accordingly/^ 
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In accordance with Eiile IV* tBe foUowing officers withdraw from the 
Committee ;~ 

Lieut. -Colonel Clerk. | Surg.-Majoi H. Briscoe^ M.n. 

Captain T. L. Barnes. | Major Owen* 

Captain T. C. Molony. 


It was resolved that the undermentioned officers be requested to serve in 
their room : — 

Lt -Col. Bowie. [ Surg.-Major Fogo, h.d. 

Lt.-CoL Besborough. [ Major EitzHugL 

Major Field. 

And Captain Brackenbury m place of Major Goodenougli, who lias left 

the Garrison* 


7. The Committee for the ensuing year will therefore stand thus :~ 

PATEOH A15TB PEESEDEHT; 

Field Marshal H.E.H. the Buke of Cambridge, k.o. 

TICE PEESrOEOTS: 

The Commandant. 

The Bepnty-Adjutant-General. 


MEMBEES: 

The Assistant-Adjutant-GeneraL 
The Secretaiy Ordnance Select Committee. 
The Brigade-Major. 

The Birector of Artillery Studies. 


Colonel J. Travers- 
Lt.-Col. J. H. Smyth, c.b. 

„ J. E. Gibbon, c.b. 

„ C. Y, Bowie, 

„ J. Besborough. 

Surg.-Major J. M. S. Fogo. 

Major G. T. Field. 

Captain E. J. Bmce, Sec^* < 


Major H, T. FitzHugh. 
Captain H. A. Boyne. 

„ C. B. Brackenbury. 

„ Y. B. Majendie. 

Lieut. F. S. Stoney. 

„ H. Edmeades. 

„ W, G. Srirhng. 

d Treasurer, 


(Signed) E. J. BAGEES, Msgoir-Geneml, 

Vice-President, in tii© Clw* 


May 13, 1863. 
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APPENDIX I. 


North American Birds, presented Ip Captain Barton, M,A, 


6 1 

^ Species. 

6| 

M 

o 

CCt 

Locality. 

OriJ 

Ho.| 

Common Name. 

Bate.,.'' 


Q 


1 

Marsh hawk ............... 






Belted kingfisher ......... 


vvTiia Acn^AliYijD’n^i.ia ■ 



, ... - 

Kingbird 

' MM 

I.Tt'inAA 



'mmm 

Snowbird 

MM 

AKO.iTWTal Aar\iv« ivimlAilifl. . . 




Song sparrow . . ............. 

M- 

KttlfimAVA .. . 

<? 



Baltimore oriole.. 

,.|M. 

/l.KAlfTknio/noTi'ia TT'AvniPrtln'J* 



m. 

Crow blackbird 

•M. 

/I.SIr»!Tnrt+/iir\4cf aa mifrwB'hA'Mft. 



. 

Wild pigeon 

MM 

A^CA TlAl'Oi's^wtcf Iays'H rfTiTsrMan ct 



_ 

Bittern 

' M. 

467lCoiymbuB torquatus 



— 1 

Xorthem diver 

'MM ■ 


North American Birds, presented ly Captain Tweedie, B,A, 


4i58 Pifrewaga rubra 

» >S • • 

460 Squatarola Helvetica,. 

461 Stwjpsilas interpres «. 

462,Trni^ alpina 


(? 


MM 

Scarlet tanager 

if . »> ......... 

-1. 


— 

Blackbellied plover 

[Turnstone 

MM 


1- 

[Eedbacked sandpiper ... 


Calif oniia Blrds^ presented hy /. K, lord^ Esq. 


m 

4M 

m 

466 

467 

m 

mo 

mil 

472 
473, 

474 

475 

mo 

477 

478 
moi ^ 

480 Oreortjx 


Strix uebulosa 

.Athene hypu^ea 

Tyrannusdomincensis .... 
iTjrannus mexicanus .... 
Bendroica audubonii .... 
CoPyrio excubitoroides.,., 
Campylorhynchus affinis . 


^hriothorus bewickii 
j'Junco csr«^mis... ... 

Hpilo all^ula.. 


4Bt 

m 

m 

48-4 

465 

466 

487 

m 


m. 

483; 

49', 



W V 

KpEo m^leueus . 
Taaagra Ticarius 
Xanthocep! 

Icterus buHockii 
Cyanodtfca californica .. 

Oreortyx pictus 

jliCi^wtyX' caHfbmicus,. 

' t9 

oaadidisdma .. 

'Ainlfea hwediw 

1?ringawa«nfi 
limosa liedoa 
i^us TrirgMteus 


iBdmtoroIa helfetba,.,.,*. 
|ilx jsfoosa 

iQuetquidula eyaacjpfcem . 


rubida 


IXapa Valley ... 
Cape St liucas 


INapa Valley 
Cape St Lucas ... |4618| 


Cape St Lucas 

SS J> 

Mexico 


9 

26 

,6410 

26 


I Western barn owl.. 

Burrowing owl 

Grey king bird 


Audubon’s warbler ... 
WMtc-rumped shrike 


'Cape 8t Lucas 
ISan Francisco 


Betaluma, Gala . 


14^97 


Bewick’s wren ..... 
Oregon snow bird . 


Eetalmnaj Gala... 


40 
[4634 
16003 
20 
27 
21 
43{ 

1' 

141 
L 
16 

2 Snowy heron . 
|6008 Great blue heron 
29 Least sandpiper., 
19 Marbled god wit., 
37 Virginia rail . 

18 Marsh hen .... 
Blackbellied plover 
Summer duck 
Eedbreasted teal 


ICannon fmeh 

Blue tanager 

I Yellowheaded blackbird 

Bullock’s oriole 

.7 California jay 

,4 Plumed partridge 

.6 California quail ... ...... .. 


lalEuddy duck 


Jan. 62 
May „ 
18G0. 

May 61 
Apr. 60 
do 


Apr. j 
do 


Apr. 61 
» 62 

Mar. ,j 

Apr. „ 
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1^' 

"S. 

0 

Species. 

i 

m 

! 

Locality, 

Orig 

jWo. 

Common Name. 

Date. 

494 

Graculus dilophus. | 

$ 

Farallones island 

3 

Double crested cormorant; 

April, 1801 

495 

496 

Chroicocephalus atricilla j 

Tie-fiis TiigrieftTiR i 

? 

J 

' ” 1 

38 

4 

Laughing gull 

Black gml .................. 

do 

do 

497 

jClArATbiTia Tnoiiorerata ^ ....... J 

s 

99 1 

6 

Sea hombill 

do 


pAlT-mKiiH fvnmfjmta i 


a 99 

\ 

9 

Pacific diTer ............... 

do 


i 


8 ! 

PooHsh guillemot 

do 

60o!lJria coiiinba 


pr » 

■ 7 : 

Black guill0motM*...,..i.. 

do 


Bggs. 

liopliortys califomiciig......„..«S Specimens* 

CerorMnamonocerata do. 

AmmaL 

Mephitis ooc|iontalis CaUfomia Skurik. 


Chinese Birds, presented ly Obtain Blahiston, B.A. 


Hirundo jaTanica 
Alcedo bcngaleneis 


5011 

602. 

SOS 

BOiiEuticilla aiirorea 
605ilantliia cynnra 
606 Pratincola indica .» 
6 O 7 I j> 

Cossyphus saulans 


608! 

609 

610i 

611 

612 

613 

■614 

616 

616 

617 

618 

619 

620 
621 
622 

623 

624 
6261 
626! 
627 
628! 
629; 
630| 

631 

632 

633 

634 

635 
536 
637 
638i 
639 
640] 

641 

642 

643 

644 
646 
646 
647| 


iTurdus mandarensis,, 

Petrocossyphus maniiiensis.. 


Ga,rrulax perspicillatus 
Pycnonotus occipitalis 


Parus cinoreus .... 

9) 99 »«.•••• 

Leiothris sinensis . 

99 >j •••• 

Motacilla boarala . 


lo 2 onensis 

ocularis 


Niltava cyanomeloena 
Dicrurus ciaeraceus ... 


Lanius scliach 

99 99 

Pica sericea 


Acridotheres cristatelluB . 
Gracupiea nigricolHs . . . . 
IXemenuchus turdiformis . 


Fringilla sinica ... 
Passer montanus 


,, russafeus .... 
Emberiaa fucata . . . , 
„ personata , 


..Canfejn . 


681 

634 

667 

609 
666 
640 
600 
645 
593 
546 

610 
909 
921 
543 

627 
699 
698 
626 
662 
629 
690 

628 
654 
626 
628 

665 
613 
636 
663 

666 
672! 
674 
601 
602 
605 
609 
620 
621'f 

916 

647 

648 

649 
660 
911 
9081 
641 


Swallow .... 
Kingfisher . 


Spotwing redstart 

Blue tail 

Stone-chat 


Chinese blackbird . 

, 99 ' :*l ■* 

Eockthnish 


Grey tit . 


Grey wagtail 


April 4,60 

Oct. 27,, 

(T an. 4, 61 
April 10, 60 
Oct. 18 ,, 
June 13 „ 
Sept. 21 „ 

I June 16, 
Oct. 24 - 


Bulbul 


Blue bird 
jBrongo 


Sparrow king...., 

99 »;•- 

€hmye&0 magpie 


Chinese crested starling 




I Chinese greenfinch 
Mountain sparrow 


^P^tedbuntiBg 
iMaeked bualiiag 


April 7, 
Oct. 24 , 

, 19 , 

d0'„ ,'■;■ 

, ., 20, 
July 6 , 
Oct. 26 , 
, JO, 

[June 20 , 
April 7 I 
do 

[June 26 , 
jOct. 24', 
April 7 * 
|June 28 , 
do 

Aug. 3 , 
„ 12 , 
May 26 , 
23, 
, 19, 

: 11 : 

db::.;:,:; 

[June 13 , 

* 

, 16, 

. 13. 


pcff* 7 , 
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Painted bunting 
Latham’s fincb . 


Canton 


S48 Emberiza personata , 
54^ Melophua lathami... 
,Si50 

561 Yimx torquilla 
662 Cmnilus orientalis... 
553 Megaiffima Tirens ... 
664 Centropus affinis ... 
666 Turtur chinensis ... 

666 tf it ••• 

657 Turtur chinensis ... 

668 Ardeola speciosa ... 

669 it ft 

660 Ardetta cinnamomea 

661 St it 

662 GaUinnia stenura .... 


June 29, 60 
« 22 „ 
April 14 „ 
Aug. 16 if 


Wryneck .... 
Indian cuckoo 


Larkheei..... 

Chinese turtle dove 


White winged egret 

» j? 

Striped egret ......... 

)» ft 

ITarrow-tailed snipe 


Birds presented ly Assists-Surgeon W, Temple^ B,As 

Hative name, 

• Kew Zealand ...... 14 !27ew Zealand falcon Eahu 

. „ 12 Earewarewa 

• Cape deVerd islands 2 ~- 

- Eew Zealand ...... 7 p.Zealandkingfisher Eotorefcaro 


663 Hieracidea novse zelandim , 

664 Hieracidea hruimea 

666 Milvus melanotis 

666 Halcyon Tagans 

667 « ,, 

66§ Prosthemaderanovffi zelandiae, 

669 S^illua aquaticus* 

670 Pu65nus tristia 

671 Puffinus assimilis 

672 Thalassidroma melanogaster . 

673 ProceHaria aequinoctial^ 

674 Prion Yittattts 

676 „ ft 

676 Biomedea exulans.. 

677 „ „ 

678 Biomedea brachyura 


8 Poe bee-eater 
1 Water rail 


Ifew Zealand ...... — 

EorthofK. Zealand 4 
Eew Zealand 15 


3 .Great black petrel... Takupu 
6 Broad-billed petrel — 

« I it tt 
9 j Wandering albatros •— 

>j I.... ■ .» . ■ jj ' 

6 Short-tailed albatros — 


Kew Zealand 


Birds presented ly Lieut, Slessor^ E,A, 

”679 Bateo buson — Bemerara — Hobby buzzard 

680Bateo — „ — 

681 Caryk alcyon $ Bermuda — Belted kingfisher 

Aramua scolopaceus — Bemerara ... — |Scolopaceoua heron 

683 Butorides virescens — Bermuda — iGreen heron 

584 Sterna magnirostris I — Bemerara — I 


Species. 

i 

i 

; 

■ Iiocalily. ' j 

Orig 

Jo., 

Common Jame. 


m \ 





Madagascar Birds ^ presented ly Lieut, G, B, Maiile^ B,d, 
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Geological Spedmens from the Yang4se-Kiang} preeewtei iy 
Cajgtam BlaJddoni B.A, 


Ho. 


1 

5 

3 

4 

6 

e 

7 

8 
8 

10 

11 

12 

13 

W 

15 

16 

17 

18 


10 

20 


21 


24 


27 


30 

81 


83 

84 


Description. 


Sandstone and felstone.. 
Bed sandstone 


Qtmitx rock 

Pinkish limestone 

Pebbles of quartz, jaspar, and lime-l 

stone from conglomerate j 

Calcareous sandstone 

Limestone, and ribboned silicious") 

rock and grit, or chert j 

Granite, in boulders....,.., 

Gneiss 

Sandstone, with green grains 

Purple marly sandstone, and silicious 7 

grit i 

Interior coal, and rock-like under clay 
Sandstone, with exposed surface glossed] 
Limestone {fine-grained) 

Blackish limestone (very hard) 


Dark grey limestone, with veins of 7 

calcareous spar ) 

Coal (anthracite) 

Silicious sand, with sj^angles of white 1 
and yellow mica, iron, and small > 

grains of gold 3 

Bough calcareous sandstone 

Lime, probably calcined, and which") 
has afterwards, by exposure, re- > 

absorbed carbonic acid } 

; 'Grey .sandstone 


Grey micaceous and felspathic sand- 
stones 

Slag 

Bame as 21, with fragments of sand- ' 

stone and limestone , 

Hard silicious grit 

Soft micaceous and silicious grit ... 

Fine red calcareous sandstone 

Bimdstcme 

Mimceoas sandstone ................... 

Limestone, and red and grey sandstone] 
Bituminous coal, carbonaceous shale, “ 

and grey shale 

Dark purple micaceous sandstone ... 
Bituminous coal and sandstone 


Locality. 

Chin-kiang 

Hanking 

Between Hankow and Kingkow, left 7 

bank § 

Opposite Chi-kiang 

Hear I-chang 

Opposite I-chang 

Six miles above I-chang 

Seven miles H.W. of I-chang... 

Below Lu-kan gorge 

Five miles below Kwei 

Kwei 

HearFwei 

Hear coal, two miles west of Ewei ... 

Village of Ewnn-du-kow 

In Wu-shan gorge, at the boundary") 
between Hoo-peh and Szechuan > 
provinces j 

Quai-chow (foo) 

Between Quai-chow and Yung-yan ... 

Bed of the Yang-tse near Wan (hien) 

In blocks along the river near Wan ... 

Dsed for cement at Wan 

Hear Fung-tu 

From a reef at Fu 

Below Chung-Idng 

Below Chung-king. 

an iron-smelting furnace 
f Eange of lulls east of CJ 
X where coal is worked 
Above Chung-king 

Hear Ein-tin=tse Island 

Hear village of Chung-pa-sha 

Ha-chi 

Opposite Han-ki 

Mines of Pa-ko-shan, below Su-chow 

Su-chow 

Ta- tan-pa Bapid, uhoye Su-chow 


Date, 


Feb. 20, 61 

» 26 „ 

lime 28 „ 

Mar. 30 „ 

Apr. 1 

» ^ w 

}) ^ >? 
do 

M ^ ” 

do 

do 

Juno 14 „ 

Apr. 9 „ 

,, 10 ,, 

June 13 „ 

Apr. 14 „ 

Apr. 16 „ 
do 
do 

w 23 „ 

?} 24 ,9 

„ 27 „ 
do 

June 7 „ 

May 4 „ 
do 
do 

» 7 

,, 14 ,j 

» ^7 

„ 18 

„ 21 
24 „ 


Msh^ preeenUd hy Sir /. Bichardson, 


Sargus rondelidii. 

„ saluani. 
Julia pavo. 

„ vulgaris. 
Dentex vulgaris. 


Serranus scriba. 
Scorpeena porous. 
Pagrus barter. 

Mdlus 

Gobius 
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LIST OP SEEVICE PEOJECTILES, &c. PEESENTED TO THE INSTITCTIOlf, 
BY H.H. GOTEEITMEHT. 


Articles. 


Adapters, brass 


Balls , 


riO-in. 
1 ) 8 


night ground, fdied 

in imitation. 1 „ 

'empty... 


Boxes, mahogany ■ 


smoke, 13-i; 


filled in 


light parachute ■> 
Boxer’s lO-in. ' 


(.imitation 


Bursters, empty 


r. {h.P. 

1 I 9 „ 

ktin ... 6 „ „ 


C • ffimshed ... 

Caps ianfinkhed 

fl3-inch 
10 „ 

8 „ 
% « ■. 
4|.„. 
33-pr, 


Carcasses filled in imitation 


- 


Cartridges ;■ 


bursters, 
* calico, 
empty, 
with 


u 
S S 

A > 

S o 
o 


'11? 

0JP2, 

I S’ 
fe a. 


riTcted to J ,, „ 
bottoms ) 24-pr. 

Cl2 „ 

Arm- room. 40-pr. 2|ib. 
strong (.Beg, 40 „ 10 oz. 
smooth C com. 10-in. 5 lb. 
bore 4 diaph. 6-pr. 10 dr. 


'i2L 


Arm- . 

strong 1 JfllO 

^ I 40 

lO-in, 


^ §) 


com- 

mon. 


diaph. 


110 

20 


8 , 


Sib. 

1 ,, 
3„ 
10 oz. 
6|lb. 

SI,, 


42-pr. 1*„ 


32 
24 „ 
18 „ 
n „ 

8-in. 
66-pr. 
42 „ 
82 „ 
24 „ 
18 « 
12 „ 
9 


Cartridges, ( bags for spare powder, 15 lb. 
fiannol,einpty t Armstrong 12-pr. If lb....... 


1A« 

13 Oz. 
10 „ 
6 » 
60 dr. 
65 „ 
50 „ 
40 „ 
30 „ 
25 „ 
20 „ 
15 „ 


Articles. 


Cartridgesj — 

" smooth 
bore 


flannel, 
empty, 
with 
water- 
proof 
bags, and 
paper 
covers. 


‘ Arm- 
strong'j 
gun 


ade 


gun 


110-pr. 12Ib. “ 

40 „ 51b. [1*11 
2|lb..,‘..; 
...... 

1 9 

•'■iffw ... 

_^12oz. ....... 

0 or 12-pr. 1 Ib. 
68-pr. 5 Ib....... 


20 

12 

9 

6 


42 

32 

24 

18 

12 

6 


3| 

21-1 

2, 

U 9,. 
1 

10 oz. 


10-m.l2lb. 
56-pr..l4 „ 


,42 

32 

24 

18 

12 


howitzer, S. B.. 


Cartridges 


14 

10,,, 

8 ,, 

6 if 

4 „ 

( Sib. ... 
12|„ ... 
2„ ... 
12 oz. ... 
lO-in. 7 lb. 
8 „ 4 ,, 
5 w . 2» „ 
4f „ 8 ozt 
32-pr-3lb. 
24 „ 2L, 
12 „ 2 „ 


fined 

with / 

coal 

dust 


/ m' f Armstrong C common 2| lb. 
^ 8.S 3 40-pr, t segment 10 oz. 

“ 1 smooth (com. 

I^cgt bore 

f Arm- 
i strong 
1 gun. 

flaimel^ f68.pr.l61g. 

smooth 16,, 1| „ 


^ lO-in. 6Ib. 

1 diaph. 6-pr. 10 dr. 
'for Boxer’s > 110-pr. 
lubricator... j 12 lb. 
with Boxer’s > 12-pr, 
lubricator ... J l|-lbs. 



I bore 1 howitzer, 12-pr. l^'ib. 
Cmortar, IS-in. 201b. ... 
for Boxer’s 1 110-pr, 
lubricator... > 12 Ib. 
withbuwtersl 40'-pr. 
lubric. B. S. 5 61b. 
with do 20-pr. 2Alb — 
do 12-pr.lf „ ... 
with saw- 1 9 or 12-pr. 
^dust wads) lib. 
gun, s. bore, B.S. S-in. 10 Ib. ... 


Arm- - 
strong 


I Whole. 

I Sections, 


^90 


MIKUTES OF PEOCEEDIJTGS OF 


>11 ^ 
!> SQ . I Pm 


Caytridges: — f , f Ariillery rifle^ldr. 

f ball, \ 'f .5 3 Slii'apnel ... 3^„ 

R A nf.r carbine 1 o'! 1 Perris 2 „ 

fColt’s revolvers 

Slf 1 - r^3.2fdr 

“H mlSeti51,2|„ 

ciiiat. [Wlntworih’s riiie, ^ dr. ... 

i^bknk, all arms, 3^ dr 

CjlmderSj zinc 

Diagrams, litiiograph, of sorts, mounted, set 

f concussion 

j percussion, F, S. 
^ Armstrong pillar 

I time 

Fu.os,metal^ CM sees. 

Tir » ^ ^ ” 

Moorsom 8 

^Pettmank ^g* |* 

r common 

diapkragm 

13,10*8-in. 

Fuzes, semce. Boxer’s -( 5 |., 43 

for Monby^s shot ... 
„ paracnute light 
^slnapnel improved 

f Behemia’s ( fa" 
for firing -< ^ ” 

fservico^ (. 3 Z 

I hand grenade ... 

brocket, 2 1-pr, 

mortar, 3-in. graduated 

riS-in. 
10 „ 

Fuzes feommon^ 8 

{ ^h> 

Freehurns ...... 

hand grenade ... 
obsolete ■< q ( uncut ... 

^ wood ■ cut to lin. 


j sphencal, 
k5|-m. cut 


11 .. . 4 

11 .. .. 4 
11 ... 1 

1 

1 

1 ... ... 
1 1 ... 


6|-m. uncut 


HaiuIleE fbr percussion lights 

puts, fuze I { short 

I ^ manfiST* 


Implements, faze 

mai shell 


Bights, blue . 


'■mortar . 
braces for f mortar, 
fuzes ( naval . 

■•• IS;;;: 

cjHnders, wood .... 

key, iron plug 

■} (naval 

(.shell and foze. 


Liglits, -peroussion j 

Lubricators, Boxer’s, for Armstrong cartridge, 

llO-pr 

do do 12 or 9-pr 

r common 

I diaphragm 

fbrass ..A Martin’s 

j j naval 

Plugs, shell ^ bshrapnel, improved 

j brass, naval 

! metal 


Portfires \ * 

( percussion 

Bockets, signal, filled in C 1 lb. 
imitation „ 


Bockets, war, filled 
in imitation 



a a sg «a © 

^ <15 CO 00 m ■ 

0 0^39 

2 3-1 § 

1 s g s s 

m CO m 


" common, j 4|. „ 
adapted for-< 56-pr. 
Pettman’s 42 „ 
L. S. fuze 32 „ 


iTj: -p:- 


s l 6 „ ... 

hovidt- f b^-in. ... 
t zer ( 44 » ... 
^Martin’s ... 

r rl 3 I Z \ 

mortar p^ ^ 10 „ ... 
prepMecU g ( 8 „ ■ 

for fuzes j plug- ( 5^-in. 

I gee! » 
rio-m 

naval, riveted to j S „ or 
^ wood bottoms 1 68-pr. 

l32 „ 


■*■ J; 

1 1 


1 1 


1 1 


1 1 


1 1 


1 1 



1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 

“i i 


1 1 


1 1 


1 1 


1 1 


1 ... 


1 ... 


1 ... 


1... 



howitzer 
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' ' im- 
proved 


{ i swiijjptru 

i^O. P. < to wood ' 
i bottoms 


f common 


32- 

pr. 

24 

SJ 

18 

?> 

12 


9 


6 

» 

'110 


40 

n 

, 20 

n 

110 

it 

40 

« 

20 

1) 

12 

)) 


i segment i 20 !! 1 1 

I 12 ;, 11 

fio-L . 1 1 

{ 8„or68-pri 1 ... 

. „ 56-pr i 1 ... 


' with iron J 1 1*‘ 

1 32 ;; ic 


with wood 
^ bottoms 


V V 

with iron 
ends 


with wood ^ 
bottoms 


Q Q f with wood f ; 
bottoms tl2 . 

res i 

42 . 

32 ; 

earronado <2% . 

'JR 


"'earronado 


» * - 

L ^ .» ^ '* 

( lO-in 1 

common | 8 „ or 68-pr nil 

f S-in. or 68-pr 1 .. 
Oaffiji’'s ■< 66-pr ■ 


r grape, gun, Caffin’s-* 

12 „ 


9 « 


6 „ 


jsx* tm case 3-pr, 


r 08-] 


66 

solid, loose... 



' 32 


24 


fllO 



solid, L. H. 

20 


gun and howitzer 12 „ 


magnetic 

paper, dutch...... [ 

f -f-headed 
quill...-! common 
(match.,, 
war rocket......... 


r ' 



m 


MIHUTES OF FEOOEEOIlfeS OF 


LIST OF MEMBEES 


EOTAL AETILLEEY mSTITUTION, WOO 

[AEEANGIB ALPHABETICALLY.] 


MAY, 1863 . 


CDLOEEL. 

fiELE Maeshal THE DuKE OP Cambeidge, K.G. 


COLOFEIS COMMANDA2TT. 

Campbell, Frederick, ^ 

CatoT, William, c.b. Iff 

Cobbe, George, l,g 

Colebrooke, SirW. M. c.B., k.h. l,g 

Gardiner, SirE. W. TOIg.c.b.jE.c.h.^ 

Gordon, Henry W. m.g 

Jones, Eicbard, l,g 

Mercer, Alex. C. I® l,g 

Micbell, Sir John, k.c.b., hg 

Boss, Sir Hew J). g.c.b. g 

Scott, Henry Alexander, l.g 

Turner, Sir Geo. e.c.b. g 

Wallace, Peter M. g 

Wbinyates, Sir E.C.?® k.c.b.,k.hJ*^ 

Wylde, \Tiiliam, c.b. Lg 


0ENEEAL OFFICEES. 
Abbott, A. C.B. 

Anderson, W. C. TO mg 

Arbnckle, B. H. V. ug 

Armstrong B. S. mg 

Bell, W. TO mg 

Beiwn, G. J. mg 

Blacli%, H. ng 

BlcK)iiifie!d, J. ^Kng, Im-Gm* 

Brareton, Sir W. k.o.b., k.H. mg 

Cator, T. 0 * ng 

Cbcsney , F. B. mg 

Baeres, Sir B. J. k.c.b., mg 

Dalton, C. mg 

Dnim, W. mg 

Englamd, P, T. mg 

Eyre, J. mg 


Fogo, J. mg 
Freer, J. H. mg 
Gordon, J. mg 
Grant, 

Hanwell, J. mg 
Hardinge, B. TO k.h. mg 
Higgins, T. Gordon, m.g 
Hope, A. W. mg 
Ingilby, W. B. TO mg 
MaclacMan, A. Ig 
Morris, H. G. mg 
PalHser, H. mg 
Pester, Henry, mg 
Bomer, B. F. 

Sabine, E. mg 

Tnite, H. M. mg 

Warde, F. TO mg 

Williams, Sir W. F, Bart, k.c.b. mg 

Willis, Browne, mg 


COLOrfELS. 
Abbott, James 
xiskwith, William H. 
Aylmer, Henry 
Beresford, G. J. 
Bingliam, C., 

Bucbanan, G. J. L. 
Bum, Bobert 
Cockburn, Charles Y. 
Crawford, B. Fitzgerald 
Crofton, E, W. c.b. 
Cuppage, Burke TO 
Dalton, Charles J. 

Dick, Francis 
Dimiop, Franklin c.b. 


THl BOTAIi' AMnmEm mSOTUTIOl-. 


Earaiey-Wilmot, I. M. 
Fitemayer, J, W. c.b. 
Flude, Thomas Peters 
Poster, H. 

PrancMyn, J. H. c.b. 
Freese, J, N. A. c.b. 
Gambier, c,B« , 

Grant, E. F. ■ ■ , ' :»■ ■ 

Hamilton, F, S. 

Hogge, C. C.B. 

Irving, Alexander, c.b 
Kennedy, G. E. H. 

Lake, H. T. c.b. 

M'Goy, John 
Mee, G. H. 

Nedbam, William Eobert 
Ormsby, John William 
Bowan, Henry S. c.b. 
Sandbam, G. 

Simpson, G. W. Y. 
Spencer, Hon. 11. G. IL 
St George, J. c.b., b.g 
Stopford-Blair, W. H. 
Slow, H. 

Symons, Charles Bertie 
Taylor, Arthur Joseph 
Teesdale, Henry G. 
Thorndike, Daniel 
Tulloh, Alexander, 
Turner, Henry Austin 
Tylee, A. 

Warde, E. G. c.b. 
Wilford, Edmund Neal 
Wingfield, 0. W. 

Wood, Sir D. E, k.c.b. 
Wragge, J. 


IIEUTEIfAira-COlOHELS. 

Adye, John M. c.b. c 
Anderson, J. E. c.b, 

Barrow, J. Lyon 
Benn, Anthony, c 
Bond, F. W. 

Boxer, E. Mourrier 
Brougham, Thomas 
Broughton, S. D. 

Burrows, Arthur George, c 
Cadeil, Alexander Todd 
Campbell, Fred. Alex, c 
Campbell, H. A. B, c.b. c 
Carieton, H. A. c.b 
Childs, Joseph Clarke 
Christie, H. Paget, c 


Clerk, Henry . . 

GHfford, Mmer 
Connell, Adolphus Fred. 

Cox, W. HamEtoa 
CroftoB, Eichard Henry 
D’Aguilar, C. L. c.b. e 
Dennis, James Benjamin, e 
De Binzy, G. A. F. c 
De Teissier, li. Price 
Devereux, Hon. G. T. 0 
Dickson, TC C. c.B. c 
Dixon, W. M. Hall, c 
Dixon, TTC Matthew Charles, 
Domville, James Wm. c 
Du Plat, Charles Taylor 
Eiwyn, Thomas, e 
Fisher, Edward Henry 
Franklin, C. T. c.b. 

Gardiner, H. L. 

Gardner, WiOiam Bethel, e 
Gibbard, Henry Lee 
Gibbon, James E, c.b. 
Gilbert, W. E. 

Goodenough, H. Philip, e 
Graydon, George, c 
Graham, Allan Hamilton, e 
Grant, W. J. Esten 
Green, Andrew Pellet 
Hamilton, A. G. W^ 

Hatch, W. S. 

Haultain, F. W. 

Hawkins, A. Cmsar 
Henderson, William, e 
Hutchinson, C. H. 

Inglefield, J. H. S. 

Johnson, George Y. 

Kemball, A. B. 

Knox, Thomas 
Lefroy, John Henry, c 
Longden, C. Scudamore 
Maberly, Evan, c.B. c 
Mackay, Neil MTnnes. 

Maude, G. A. c.b. 

Maxwell, William, 

M’Crea, E. Barlow 
Maclean, Peter, c 
Maniott, T. B. FeEding, g 
Middleton, W‘. A. c.b. 
Morgan, E. 

Mountain, Eobert F. 

Mundy, Fierrepont H. c 
Nixon, Murray Octavius 
O’Connell, Eichard 
Paynter, D. W. c,b. g 
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MINUTES OE PBOCEEDINGS Of 


Phnipotts, A. T. c 
Price, Edward, c.b. c 
Eadcliffe, Eobert Parker 
Bidden, a L B.c.b. c. 

Bomer, B. Corcjra 
Selby, G. 

Sbakespear, G. B. c 
Smyth, J. Hall, c.b. 

Smythe, 'William James, o 
Strange, H. P. c.b. c 
Talbot, Bobert 
Thompson, Arnold 
Travers, John, o 
Travers, Erederick J. 

Turner, John, c.b. c 
Yoyle, G. E. 
lYard, Francis Beckford 
Williams, E. A, 

Wodehouse, E. c.b. c, AssL-adj 
A.D.C, to the Queen 
Woosman, James Bowen 
Worgan, John 
Wright, Charles James, c 
Younghusband, C. W. 

CAPTAINS. 

Adams, John A. P. 

Addin^on, Hon. L. A. 
Alderson, Heniy J. 

Anderson, James H. P, 
Andrews, WiUiam G. m 
Anley, Fred. Augustus 
Anson, A. E. Harbord 
Arbuthnot, Charles G. m 
Arbuthnot, H. T; m 
Arbnckle, 0 . Y. 

Archdale, A, M. 

Atlay, Edward 
Balfour, Henry Lowther 
Barnett, William Townsend 
Barry, W. Wigram c b., l.c 
Barstow, George, le 
Barton, James, adjt. 

Barton, C. J . 

Bay%, Frederick George, oAjl, 
Bayly, Hevilie S. Keats 
Bayly, A. A. 

Bazalgette, Sydney Augustus 
Bedingfeid, Philip, m 
Bent, Hugh 
Beresford, D. W. Pack 
Berthon, J. P. 

Betty I Joshua F. 


Bevan, C. Honnithorne 
Biddulph, M. A. S. lx 
Biddulph, Bobert, m 
Bishop, H. Parlett, m 
Blackburn, H. B. 

Blackwell, Janies Edward 
Blakely, A. T. 

Blakiston, T. W., 

Blosse, W. 0 . L. 

Bolton, John Lawrence 
Bolton, William John, m 
Bolton, Edward Chichester 
Booth, William 
Boothby, John George, lx 
Bowie, C. Yincent, lx 
Boyle, Bobert 
Brackenbury, C. Booth 
Brediii, Edgar G. 

Brendon, Algernon, 771 
Briscoe, Henry Whitby 
Brown, John. T. B. 

Brown, John Henry 
Browne, Charles Orde 
Bruce, Edward Jackson 
Bumahy, Alex. Dickson 
Burt, Charles E. m 
Byrne, Thomas E. 

Cainies, Bobert J. adjt. 
Calvert, A. M. 

Campbell, Bobert. C. W. 
Campbell, Sir J. W. Bart. 
Campbell, John M’O. 7 n 
Campbell, Patrick J. 
Campbell, J. m 
Cardew, Henry 
Carey, Thomas Priaulx 
Carey, William, adjt. 

Carey, Falkland 
Carleton, George 
Carpenter, Charles 
CaiT, Oswald 
Carthew, Edmund J. u 
Champion, B. H. m 
Chancellor, Frederick Hugh 
Chandler, George Lee, m 
Chermside, Henry L. lx 
Clarke, John Lardner 
Close, Frederick 
Cockbum, Charles F. 
Colclough, George 
ColUngton, John W. adjt, 
CoHingwood, Clemiell 
Oolomh, George Hatton 
Conybeare, Frederick 


mi BOYAi AwmiMm ihstitittioh. 


Cramfttrdj, E. E, F. m 
Crawford^' George Adam' 
.Cromartie, Frederick Nurse 
Gumiagj, Tkomas 
Curtis, Reginald, m 
Eadson, J. N. P. aijL . 
Dames, Tkomas Longworik 
Davis, Groiiow, 'FC m , 
Daubuz, Jokn T. 

De HaviEand, James, m 
De Molejiis, T, A, 

Denne, Lambert H. 
Desborougb, John, Lc 
De ¥ismes, Henry A. D. 

De Winton, Francis Walter 
Dickson, Philip, m 
Dirom, Thomas Alexander 
Downes, Major F* adjL 
Doyne, Henry Archdall 
Drayson, Alfred Wilks 
Dumaresq, W. Lovelace 
Dyer, Henry Clement S. 
Eden, Morton Parker, adji, 
Elgee, J. Liadredge, m 
Elgee, Cadwaileder Wiiliani 
Elliot, Henry Sheridan 
Ellis, Wilmot Burrows, E. 
Elton, Fred. Coulthurst 
Evans, Charles E. Ogden, m 
Eveleigh, J. E. 

Everett, James 
Fenwick, W, T. m 
Farmer, E. Onslow 
Farrell. Henry C, 

Field, Thomas Samuel Poer, 
Field, George Thomas, 
FitzHugh,H. T, 
Fitzmamice, Maurice IL 
Forbes, G. H. A. 

Forde, Matthew Biigh 
Franklen, Charles E. 

Fraser, George Henry J. A. 
Fraser, Hon. D. M. l.c 
Freeling, Saiidford 
Freeth, Richard King 
French, William 
Frith, J. S. m 
Gabbett, Eobert Poole 
Gage, Hon. E. T. Lc 
Geary, Henry Le Guay adjL 
Gilmour, Charles D, 
Giaiiville, Francis Eobert 
Gleig, Alex. Cameron, m 
Godby, Joseph, m 


Goodenough, W. il. m. 
Goodenough, 0. H. 

Gordon, Samuel E. Lc 
Gore, J. m 
Gore, Ealph 
Gossett, A. M 

Govan, Charles Maitland, m 
Greene, D. Sarsfield, m 
Greville, H. Lambert F. 
Grifin, Frederick Oockburn 
Griiiitlis, F. A. m 
GrifSths, Leonard 
Giimston, Walter John 
Grylis, S. M. m 
Haig, Eobert Wolseley 
Holcombe, F. m 
Hall, Wm. James 
Hall, Lewis Frederick 
Hamilton, Sir W., Bart. 
Hamilton, Augustus H- C. 
Hamley, Brace E. Lc 
Hanweli, Joseph, adjL 
Hardy, Campbeii 
Harris, Noel Hawlyn 
Harrison, Thomas A. J. 
Hastings, Francis WiHiam, u 
Hay, Eobert John, m 
Heberden, Henry 
Henry, G. S. l,c 
Henry, G. Cecil, m 
Heyman, Henry 
Hickes, H. J. F..E..M 
Higgoii, JohnD. George 
Hill, Charles Eowland 
Hill, Peter Edward 
Hill, Frederick John George 
Hodson, Eobert 
Holberton, T. N. 

HoMsworth, John K. 

Holmes George William 
Hope, John Edward, m 
Hope- Johnstone Charles J. 
Hostc, D. E. c.B. Lc 
Hughes, T. E. 

Humfrey, Benjamin Geale 
Hunter, C. 

Hunter, Arthur S. 
Hutchinson, A. H. 

Ingiiby, Charles Henry, 1.q 
Irvine, Hazlitt, m 
Izod, William Henry 
Jackson, Pilkington 
Jervis, Henry Jervis W* 
Johnson, Charles G. 


MIHtTTlS ; OF: FBOCEEBIKGS OF 


Jolmson, Alfred C. m 
Jolmson, Augustus William 
J oliuston, Charles 
Jones, Eichard Paget C. 

Jones, Eichard Eoy non 
Joy, A. P. 

Joyce, Leonard S. 

Kaye, Arthur Lister 
Kaye, N. L. 

Keate, Edward 
Keilv, John 
Kerrick, W. B. S. 

King, Augustus Henry 
King, John Eobert 
KiBloch,I).J. 

Knox, George Utcher 
Lascelles, Claud G. W. 

Law, Fi*ancis T. Adeane 
Lawrence, W. H. 

LeMesurier, Cecil B , 
LeMesurier, William G. c . b » l.c 
Lempriere, H. 

Lennox, A. Fred. F. m 
Leslie, George 
L*Estrange, P. W. m 
L’Estrange, Champagne 
Light, A. m 
Uuellyn, WiUiam E. 

Lorell, Charles Neville 
Luard, Charles George 
Lukin, William W. A. m 
Lyle, Hugh Chetliam 
Lyon, Frederick L. H. 

Lyon, Francis 
Mackenzie, E. m 
Mahon, Thomas 
Mainwaring, Charles E* 
Maitland, Eardley 
Alajendie, Yivian B. 

Markham, Edwin, ai^t, 

Martin, Henry E. 

Martin, William .George 
Marvin, W. m 

Maude, Francis C, TiTC c.B. l,(i 
Maule, Henry B. 

MaxweU, 11. H. U 
McGrigor, D. J. 

McLaughlin, Edward 
ALcTeman, C. L. H. 

M^Bougall, Alexander J. 
Mercer, Henry 
Ipchell, John. B. Im 
Mdler, Frederick, 'FC » 
Milman, E. S. 


Milman, G. H. L. m 
Milinan, George AldersoB, 

ME ward, Thomas W.??2 
Molony, Trevor Charles 
Alontague, W. m 
Monis, William 
Aloubraj, Edward, m 
Murray, A. H. 

Nangle, Walter C. 

Newbolt, Eobert H. 

Newcome, William Henry 
Newton, Horace Parker, m 
NicoUs, Oliver H. A. 

Nisbett, Francis Henry William 
Noble, Andrew 
OgEvie, Alexander W, A. 
OTlara, Eichard 
Oldershaw, Charles Edw. m 
Oldfield, Eichard 
Ommanney, F. M. M. m 
Ord, Fredeiick WEliam Craven 
Orr, Andrew 
Owen, Charles, H. m 
Paget, Leopold Grimston 
Palmer, Edmund, m 
Papillon, A. F. W. m 
Pasley, M. W. B. S. 

Pearse, G. G. n 
Pearse, Arthur T. G. adjU 
Pearson, J. E. 

Peile, John Heniy 
Penn, Lewis W. m 
Penny cuick, James F. Lc 
PercivE, Horace 
Persse, WEIiam N. 

Phelips, Henry P. P. adfl. 
PhElipps, P. Winsloe, m 
Pigou, Arthur Comyn, m 
Pipon, P. Gosset, Lc 
Pitt, Henry B. 

Pitt, Thomas Henry 
PoEock, W. P. 

Porter, Henry Eichard 
Price, John Andrew 
Pulman, T, 

Purcell, Edward Tobias W, 
Purvis, H. M. Gan*et 
Eavenhill, Frederick G. 

EeEly, W. E. Moyses c.B. m. 
Benny, G. A. FC m 
Eenny, Henry 
Eice, Walter B. 

Eichards, W. P. m 
Eichardson, John. Booth 
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Eideoiitj Artliiir Kennedy , '■ 
EitcMe, J. 

EobertSj diaries E. m 
Robertson, F. 

Robinson, Stapylton, » 
Rogers, H. 

Rooke, WiUiam 
Rotton, Charles Pauietfc 
Rotton, duy, l,c 
Rottoii, A. 

Rowley, R. H* Ricketts 
Ruck- Keene, John, E, 
Sandford, H. B. 

Sandilaiids, Philip H. 
Sankey, M. G. 

Saunders William Boyd 
Saunderson, J. Be L. 
Schreiber, B, F, adJL 
Scott, Charles B. S, 

Scott, A. N, 

Shakeriey, G. J. 

Shakespear, J. B. lx 
Shaw, George, m 
Sievwright, Allan 
Simpson, "W. II, R. m , 
Sinclair, James, 

Singleton, John, Lc 
Smart, George Joseph 
Smith, C. H. Ic 
Smith, Jones Julian 
Smith-Neffl, W. J. 

Smyth, Henry Augustus, m 
Soady, France James, m 
Spurway, John, m 
Steel, A. 

Still, Thomas Lloyd, 
Stirling, William, m 
Stirling, John Stirling 
Stirling, Charles Edward 
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« osr THE CHASrOE OF EOBM ASSUMED BY WKOUGHT-IlOH AYD OTHEE 
METALS WHEN HEATED AHD THEH COOLED BY FAETIAL IMMEESIOH 
lY WATEE/*# 


Br Lietdt..Col. H. CLEEK, E.A., FJiS. 

Origin of the ErrperimenU. 

A short time ago, when about to shoe a wheel with a hoop-tire, to which 
it was necessary to give a bevel of about fths of an inch, one of the work- 
men employed suggested that the bevel could be givcii by heating the tire 
red-hot and then immersing it one-half its depth in cold water. This was 
tried, and found to answer perfectly, that portion of the tire which was out 
of the water being reduced in diameter. The tire was 3 inches wide, |-inch 
thick, and 4^ 2^^ in diameter. 

As this result w^as curious and not generally known, I considered it 
desirable to institute some further experiments in order to try how far, by 
successive heatings and coolings, this change of form could be augmented, 
and also whether the same effect could be produced on other metals than 
wrought-iron. 

Mode of earrgiug out the Exg^erhneuk. 

The experiments were made on cylinders of wroiight-iroii of different 
dimensions, both hollow and solid; immersed, some to one-half of their 
depth, others to tw^-ihirds ; also on similar cylinders of cast-iron, steel, zinc, 
tin, and gun-metal. 

The specimens experimented on were all accurately turned in a lathe to 
the required dimensions, w'hich were carefully noted ; they were then heated 
to a red heat in a wmod-fiirnace used for lieating the tires of wheels. As 
soon as they had acquired the proper heat, they w’ere taken out and immersed 
in water to one-half or two-thirds of their depth (as stated in the experi- 
ment). The temperature of the water ranged from 60^ to 70® Fahr. 

The specimens were allowed to remain in the w^'iiter about two minutes, in 
which time the portion in the air had lost all redness, and that in tlie water 
had become sufSciently cool to handle. These alternate heatings and cool- 
ings were repeated till the jiietal showed signs of cracking or giving way. 

The dimensions were noted after every five heatings. The circumferences 
w^ere measured in preference to the diameters, as the true circular form was 
liable to alter. 


* THs paper is reprinted firem tlie ** Proceedings of tUe Eoyal Society and iEe Committee 

ttave to acknowledge the kindness of the Pr^ldent and Connci! in gmuting the tme of tte hloekii 
for tiie wood cuts* 
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General Eesidts. 

It will be seen by an inspection of the figures that the general effect is a 
ungiy im iim contraction of the metal about one inch above the water-line; and 
that this is the sajpe whether the metal be immersed one-half or two-thirds 
of its depth;, or whether it be nine, six, or three inches deep. With wrought- 
iron the heatings and coolings could be repeated from fifteen to twenty times 
before the metal showed any signs of separation ; but with cast-iron after the 
fifth heating the metal was cracked, and the hollow cylinder separated all 
round just below the water-line after tlie second heating. Cast-steel stood 
tw^enty heatings, but was very much cracked all over its surface. As respects 
the change of form of cast-iron and steel, the result was similp to ‘that in 
wrought-iron, but not nearly so large in amount. The cast-iron did not 
return to its original dimensions, but the smallest diameter was about one 
inch above the water-line. 

Tin showed no change of form, there being apparently no intermediate 
state between the melting-point and absolute solidity. Bmss, gun-metal, and 
zinc showed the effect slightly; but instead of a contraction just above the 
water-line, there was an expansion or bulging. 

The effect on wrought-iron is best seen in the solid cylinder (figs. 9 and 
10), where the displacement of particles just above the water-line appears to 
be compensated by the bulgings at the two extremities. 

The specimens of wrought-iron were submitted by Mr Able (Chemist to 
the War Department) to chemical analysis, and he informs me, that he found 
nothing noteworthy in the composition of the metal; nor was there any 
appreciable difference in the specific gravity of the metal taken from different 
parts of the specimen. It appears therefore to be simply a movement of the 
particles whilst the metal is in a soft or semifluid state. 

Tlie following is an account of the experiments, which were carried out 
under the superintendence of Mr Butter, draughtsman of the Eoyal Carriage 
Department, to whom also I am indebted for the accompanying diagrams. 
The exact dimensions of each specimen before and after heating are given in 
a tabulated form at the end of the paper, to facilitate comparison. 

^ In figs. and 23 the changes in form of the cylinders (one immersed 
one-half, the other two-thirds its deptli) are shown in section after every five 
heatings (half the full size). 

Expehimij^t 1. A 4ft. 2 in. hoop-tire of 3 inches breadth and fths 
inch in thickness (fig. 1) was heated and cooled by being immersed to half 
its depth in cold water five times, by which the effect shown in fig. 2 was 
produced. 


of full size. 
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One-eighteentli of fall size. 

The upper edge, or that cooled in air, had contracted 8 inches, or ^th 
its entire length, and slightly increased in thickness; while the lower 
edge, cooled in water, had expanded *875 inch, making a difference betw^eeii 
the two circumferences of 8*875 inches. The breadth remained unaltered 
(8 inches), and kept perfectly straight. 


Section skewing the amount of contraction. One-kalf tke full size. The dotted lines show the 

original form. 


The quality of the iron was afterwards tested by pieces taken from the 
upper and lower edges, and also from the centre ; the fibrous condition had 
remained unchanged, the specific gravity had not altered appreciably, and 
there appeared to be no deterioration in any part of it. 

Experiment 2. Tw^o hollow cylinders of wroiight-iron, 12 inches 
diameter and 4 hich thick each, and respectively 9 inches and 6 inches deep, 
were heated to redness, and cooled by half-immersion in cold water twenty 
times ; for effects see iigs. and 5. 

The 9-inch cylinder did not alter on the upper edge, cooled in air ; but 
Fig. 4. 


One-eighth of full size. 


300 


MIHUTIS OF FEOCEEBIIS'GS OF 


the lower edge, cooled in water, contracted *6 inch, and^ the circumference^ 
at about one inch above the w'ater-line, was reduced 5*5 inches ; the internal 
surface had increased in depth '35 inch. 

The small cjlinder diminished ‘7 inch on the upper edge, increased '3 inch 
on the lower edge, and contracted 5'25 inches at about 1 inch above the 
water-line; the internal surface had increased in depth *3 inch. 

Expeiiiment 3. A cylinder of very thin wTOUght-iron, so thin that it 
could not be wielded, and was therefore riveted, of the same external dimen- 
sions as the 9-inch one of the foregoing experiment, was heated to redness 
and cooled by half-immersion ten times, in order to test the effect wdien the 
thickness of the metal was reduced as much as possible. 

The upper and lower edges were not altered materially, while the greatest 
contraction took place on the water-line, instead of 1 inch above it as in the 
last experiment, and amounted to 3*5 inches. The depth measured on the 
curve had increased To inch (see fig, 6). 



One-eightli of full size. 


Expeetment 4. Two wrought-iron cylinders, exactly similar to those 
used in Experiment 2, were heated and cooled by being immersed to two- 
thirds their depth in water twenty times. 

The upper edge of the large cylinder was reduced 2*1 inches, and the 
lower edge *9 inch; it contracted 5*9 inches at about an inch above the 
water-Une, and the inside surface had increased in depth *85 inch (see %, 7). 



The upper edge of the small cylinder was reduced in circumference 3*6 
nieh^ and the lower edge '65 inch, while the greatest contraction at about 
one inch above the water-lme wm 4‘g inches ; and the internal surface had 

iiiemsed T5 inch in height fig. S)^ ^ , 



A swell of metal took place on the two eiids;, but was greatest on the 
bottom^ or that cooled in water, being *15 inch in height. 

The fibre of the iron opened at the fifteenth cooling (see fig. 9). 

Expebiment 6 . A wroiight-iron cylinder exactly similar to the last was 
cooled by being immersed to two-thirds its depth fifteen times. 

The greatest contraction, amounting to *4 inch, took place a little aboTC 
the water line; the upper edge w^as *05 inch smaller, and the lower edge *35 
inch, while the swellings on the ends were nearly the same as in the last 
experiment (see fig. 10). 

The separation of the fibre took place at tfie fifteenth cooling. 

Expebihext 7. Two flat pieces of wrought-iron, each IS inchewS long, 6 
inches deep, and *5 inch thick, were heated and cooled twenty times, one 
being immersed to half, and the other to two-thirds its depth in water. 

That immersed one-half had contracted or become indented on the ends 
fuHy *3 inch; the other had similar' indentations, but to only one-half, the 
amount. They w^ere both turned up^ into the form of an arc> had tW&enwJ 
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on tlieir upper edges, and increased *1 inch in thickness where the contrac- 
tions on the ends took place (see figs. 11 and 12. 



One-fourtli of Ml size. 


Expefimeot 8. Two hollow wrought-iron cylinders, 9 inches deep and 
12 inches in diameter, were heated and cooled, one by simple exposure to 
air (fifteen times), and the other by total immersion in water (ten times), 
No alteration occurred in the form of either.* 

Expekimekt 9. A solid cast-steel cylinder, of the same dimensions as 
that used in Experiment 5, was heated and cooled by half-immersion twenty 

times. 

The effect obtained was similar to that produced upon the solid wrought- 
iron cylinders, but the breaking up of the structure was different (see 
fig, 13). The greatest contraction was slightly above the water-line, and 
amounted to *88 inch; the bulgings on the ends were *075 inch, being mucbi 
less ihan on the wrought-iron cylinders. 



The four figures are one-half of full size. The dotted lines indicate the original figure. 


Kg. 16 . 

Expebiment 10. A hollow brass cylinder, 

6 inches long, 2 inches in diameter, and -^^gth jlijj 
of an inch thick, was heated to redness and 
cooled by half-immersion thirty-four times. H|i 

The effect produced was the opposite to HI 
that which took place with the iron cylinders, H | 
being an expansion instead of a contraction Hi 
at tile water-line, the amount of which was B|i|jj 

•175 inch, and it was also expanded on the |lj|| 

lower edge T inch (see fig. 16)* ||l!i 

Expeeiment 11. A hollow gun-metal cy- ■" “ i|i' 

Under was heated to redness and cooled twenty |||li 
times by half-immersion. |||j|! 

The thickness of metal being greater than ||!|ij 
in the last experiment, the effect at the water- |||j! 
line was much less, but the lower edge had i||ij| 
expanded T inch. It began to crack all over Mi|}| 
at the last cooling. * 

Expeeiment 12. A hollow tin cylinder 
was heated in linseed-oil which was brought ^ ^ 

to a temperature of 400 *^ Eahr.; it wa^ cooled by haff-imiiaersioii in i^ater 
five times. .-i:' 
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Tlie form was not altered in the leasts though the heat was raised in the 
last instance to the melting-pointj as shown by the lower part of the cylinder 
beginning to melt. 

ExpEfiiikinOT 13. A hoUow zinc cylinder was heated and cooled by half- 
immersion fifty times. ' . 

It was heated in a wood furnace, the degree of heat to which it was 
brought being regulated by the melting of a piece of tin which was conveyed 
at the same time with it into the furnace. Several experiments with pieces 
of tin and zinc had been previously made, by means of which it was ascer- 
tained that in the same temperature tin melted in two-sevenths of the time 
requisite to melt zinc ; hence when the zinc cylinder and piece of tin were 
placed in the furnace together, the time occupied by the tin in reaching its 
melting-point was carefdly noted, and the cylinder was left in the furnace as 
long again as the time thus observed ; by this means it was brought very 
nearly to its melting-point without incurring any danger of its actually 
melting. The last five times, however, it was allow'^ed to remain a little 
longer in the flame ; and the melting upon the top was retarded the last four 
times by placing a piece of iron upon it, which conducted heat from that 
part, allowing it to remain half a minute longer in the furnace. 

The effect obtained was the same as that produced upon the brass cylinder 
{Exp. 10), or the opposite of what took place with iron; an expansion of 


Eig. 17. 



One-sixtli of fuJl size. 


•175 inch occurred upon the water-line, and of ‘115 inch upon the lower 
■* edge. ■* 

Experimekt 14. The hollow wronght-iron cylinder was heated to redness 
and cooled by hatf-immersion on its side, instead of on its end as in other 

KCperinteats, twenty times, p , , : ■ 

Hie effect was a very compli«4^ one (see figs. 17, 18, and 19); the dotted 

' imei shew the 'fom*'--' ' ^ ' 


Tffl BOYAL AETILLEEY IHSTIYYTION. 


Sll 



Figs. 18 and 19 are one-sixtli of full size. 


Expemmext 15. A solid wrouglit-iron cylinder was heated to redness 
aiic! cooled by half-ioamersioii on its side twenty times. 

The effect was of a similar nature to that of the last experiment (see figs. 
20 and 21). 



Figs. 20 anil 21 arc one-Fulf of full size. Tlie dotted line indicates original figure. 

• ■ '.Fig.Jl 

Expeiii51ent 16. A holloiv cast-iron 
cylinder^ the dimensions of w'hich ivere 
tile same as those of the deep cylinder of 
Experiment 14^ was heated to redness and 
cooled twice by half-imrnersion. 

At tlie second cooling it fractured 
nearly all rounds, about an inch below 
tlie water-line. It expanded all over, but 
the expaiision was least about an inch 
above the water-line, i.e. it did not con- 
tract to its original dimensions. 

[von. HI.] 





A A 


31 ^ 


MIHUflS Of fBOCllBINGS: Of 


Experiment 17. A solid cast-iron cylinder, S inclies in diameter and 
6 inclies deep, was heated and cooled five times by half-immersion. 

At the fifth cooling it cracked across the bottom ; it also expanded 
throughout, and the expansion was least a little above the water-line, i.e. it 
did not contract to its original dimensions. 

The subjoined figures (half the full size) show the changes produced on 
the 9-inch cylinders after every fiive heatings. (Experiments 2 and 4), 


Fig. 22. 

12" cylinder, 

Ftd# fig. 4. Cooled by l-nomersion. 


Fig. 23. 

12" cylinder, i"tMclc. 

Vide fig. 7. Cooled by f -immersion. 
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Tabulated STATE3IE^’T of the Eesulxs of the Exfeeimexts. 


®' s 

g 1 

fS ® 

Kind 

of 

metal 

Number of 
coolings. 

4a .2 
CIS «XI 

3 ^ 

if 

<.s 

Form of article, &c. 

Dimensions, in inches. 

£ 1 i ^ 1 ^ 1 

tfi.s f £.3 ^ 2 

Qjl iM 1 S i ■ ' © 

na ! ■ 1 

g I g « 

1* 

Wrought- 

5 

i 

Hoop-tire for a 4' 2" wheel : — 





iron. 



External circumf. of upper edge... ... 

165*5 

147*5 

-8*0 





do do lower edge 

155'5 

156*375 

-f 0*875. 





Bevel of face 

90' 

69"- 

-21® 

2^ 

Wrought- 

20 


12'" cylinder, 9" deep and Y’ thick ; — 





iron. 


. 

Internal circumf. of upper edge 

37*0 

37*6 

0*0 





do do contraction 

37*6 

32*1 

-5*5 





do do lower edge 

37*6 

37*0 

-0*6 





Depth, perpendicular 

9*0 

8*8 

-0*2 





do on curve, external 

9*0 

9*16 

; 4.0*16 





do do internal 

9*0 

9*36 

4-0*35 

2c 

Wrought- 

20 

1 

12^' cylinder, 6“" deep and Y’ thick:-— 





iron. 



Internal circumf. of upper edge 

37*6 

36*0 

-0*70 





do do contraction 

37*6 

32*35 

-6-25 





do do lower edge 

37*6 

37*9 

4-0*30 





Depth, perpendicular 

6-0 

5*7 

■-0-30 





do on curve, external 

6*0' 

6*05 

4.0*06 





do do internal 

6*0 

6*30 

4-0*30 


Wrought- 

10 

i 

12^' cylinder, 9^' deep, thin sheet : — 





iron. 



External circumf. of upper edge 

38*40 

38*40 

0*00' 





do do contraction 

38*40 

34*90 

-3-60 





do do lower edge ...... 

38*40 

38*45 

-f0*05 





Depth, on curve 

9*00 

9*15 

4-0*16 

4® 

Wrought- 

20 

f 

12'^ cylinder, 9" deep and thick : — 





iron. 



External circumf. of upper edge....,. 

40*90 

38*80 

-~2-10 





do do contraction 

40‘90 

35*00 

-6-90 





do do lower edge 

40*90 

40-00 

-0*90 





Depth, perpendicular 

9*00 

8-80 

—0*20 





do on curve, external 

9*00 

9-CK) 

0-00 





do do internal 

9*00 

9-35 

4-0-36 

# 

Wrought- 

j 20 

f 

12'' cylinder, 6" deep and Y* thick : — 

i ' 




irott. 



External circumf. of upper edge 

40*8. 

‘ 37*2 

-3-6 





I do do contraction 

40*8 

36*2 

i -4*6 





i do do lower edge... ... ! 

' 40*8 

40*15 

—0*65 




1 i 

1 Depth, perpendicular j 

6*0 i 

6*0 

0*0 




1 : 

1 do on curve, external I 

6*0 ; 

6*06 

4-0*05 





do do internal i 

6*0 1 

1 

6*15 

4-0*16 

fiff ' 

Wrought- 

16 

i I 

3'' cylinder, 6" deep, solid ; — i 

1 

' f 




iron. 


j 

Circumference, upper edge : 

9*4 1 

9*3 

-0*1 





do contraction ■ 

9*4 i 

8*95 ! 

—0*45 

' i 



1 

do lower edge : 

9*4 

8*95 - 

-0*45 



1 

i 

Bulge on upper end 

0*00 

0*04 , 

4-0-04 




1 

do lower end * 

0*00 j 

0*15 

4,0*16 

! 

Wroughfc- 

16 

i" ' .! 

i t 

3" cylinder, 6 deep, solid : — 





iron. 



Circumference, upper end 

9*40 ! 

9*36 : 

-0*05 





do contraction i 

9*40 

9*00 

-0*40 





do lower edge ; 

9*40 1 

9*05 i 

-0-35 





Bulge on upper end j 

0-00 1 

0-05 ! 

4-0-05 





do lower end j 

0*00 ' 

0*20 i 

4-0-20 


& The width was unaltered, and the thickness of the upper edge slightly increased. Figs. 1 and S. 

Fig. 4. c Kg. 5. d Fi^O. « Fig. 7. f Fig. 8. 

« The fibre opened at the fifteenth cooling- Fig. fi. 

^ The fibre opened at the fifteenth coolmg ai^r haring exhibited a slight crack for two or 
three prerious coolings. Fig. 10. , * 


314 minutes OF PEOCEEDINGS OP 


Table. — Continued, 


% 

5 Za 

1 

' ! 

1 

{C 

Eind * 
of 

metal. 

[i 

- xl 

^ iX 

S’2: 

g § 

<.s 

Foi*m of article, &c. 

Dimensions, in inches. | 

’Before 

experiment. 


© 

o , 

g 

d ■ . 

3 

7i 

TTrouglit- 

20 1 

X 

Flat piece, 12'' x 6" x : — 



, 


iron. i 



Length on ciuwc, upper edge 

13-00 

10*75 

—1*25 



1 


do do lower edge 

12'00 

12*10 

4-0*10 



! 


Breadth, ends ••• 

6-00 

5*75 

-0*25 


! 



do centre 

6-00 

6*00 

0-00 


1 



Upper edge, out of straight 

0-00 

0-60 

40-60 


I 



Indentation on ends 

000 

0*30 

40*30 

7'k 

■Wrought- 

20 

f 

Bat piece, 12" X 6" X I":— 





iron. 1 



Length on curve, upper edge 

12-00 

IITO 

—0*90 





do do lower edge 

12-00 

12*20 

40*20 


i 



Breadth, ends 

6-00 

6-87 

-0*13 





do centre 

6*00 

5*95 

~0-05 


1 



Upper edge, out of straiglit 

0*00 

0*50 

40*50 





Indentation on ends 

0*00 

0*15 

-j-0-15 

85 

Wrought- 1 

15 

0 

12" cylinder, 9" deep, thick ) 

Eo 

efiect. 



ii'on. : 

10 

total 

do do do ) 




8™ 

Cast- 

20 


3" cylinder, 6" deep, solid - 





steel. 



Circumference, upper edge 

9*03 

8*93 

—0*10 





do contraction 

9-03 

8*65 

-0*38 





do lower edge 

9*03 

8-93 

-0*10 





Depth, perpendicular 

6*00 

6*10 

+0-10 

10« 

Brass. 

34 ’ 

\ 

2" cylinder, G" deep, -1/' thick : — 








External circuraf. of upper edge . . . 

6*175 

6*175 

0*000 





do do expansion 

6-175 

6-350 

40*175 





do do lower edge 

6-175 

6*270 

40*095 

110 

Gtm- 

20 

\ 

3" cylinder, 6" deep, thick : — 





metal. 



External circumf. of upper edge ... 

9*25 

9*24 

—0*01 





do do on water-line 

9*25 

9*26 

40*01 





do do of lower edge 

9*25 

9*38 

40*13 

13 

Tin. 

5 

1 

2" cylmder, 5" deep, thick..... 

Eo 

elfect. 


13 

Zinc, 

50 

1 

3" cylinder, C" deep, thick : — 








External circumf. of upper edge ... 

9*525 

9-575 

1 40*050 





do do expansion „ . . . , 

9*525 

9*700 

40-175 





do do lower edge 

9*525 

9*630 

40*105 

14p 

Wrought- 

■ 20 

^ 4 

1 2 

12" cylinder, 9" deep, thick : — 





iron. 


on 

External circumference of edges ... 

40*65 

39*86 

-0*79 




its 

do do centre ... 

40-65 

41*05 

40-40 




side. 

Depth on curve, part cooled in air... 

9-00 

9*00 

0-00 





do do water-line 

9-00 

8*25 

— 0*75 





do do ill water ...... 

9-00 

8*80 

—0-20 





Swell of side, 1" below W. L. (at a, h) 

0-00 

1*00 

41-00 





Hollow of side, 4" above do (at c, d) 

0-00 

0*40 

40-40 





Longest ex. diam. 1" below L,.,. 

12*94 

14*275 

41-335 





Shortest do at rt. angles to W. L. ... 

12-94 

12*00 

—0-94 





Indentation of edges a little above 7 
■water-line at e J 

0-00 

0*45 

40-45 


^ The thielcness of the metal at theindeatation on ends increased *1^'. !Pig. 11. 

The thickness of the metal at the indentation on ends increased similarly to the last. Mg. 13. 

^ Cooled in air 15 times. Cooled in water 10 times. 

® The ends became slightly rounded. Mg. 13. 

» At the last cooling the low^ end or the cylinder began to crumble away in the water. 

® The expansion of the lower end liiay probably be due to the cracking of the metal, which was 
greatest at that part. . ' ■ ■ ' 

r Mgs. 17, 18, 19. There was an increased thickness of Tnetnl «f, 


I- 


THE EOTAL AETIILEEY IJS’STITUXIOS'. SI 5 


Table. — Contimied, 


. 

Einrl 

.of 

metal. 

7* ? 

1 s 

id ’ » 

Form or article, &c. 

■ Dimer 

, 

|1 

^ % 

s 

sions, in hiclies. . j 
— ^ 

. S' « 

Is! s 

! is 

1 j R 

15'i 

ITroijglit- 

20 

1 

evlmcler, deep, solid : — ' 





ii’oa. 


on 

j External cdrciimferenee of edsres ... 

9*4 

9*2 

-0*2 




its 

j do do ■ centre... 

9-1 

9*473 

-f-0*u75 




side. 

1 Depth alona“ part cooled in air......... 

3*375 

5*150 

~-0*22e5 





i do do on W. L, ... 

I 3*375 

5*100 

--0*275 i 





i do do in water...... 

i 3*375 

5-2*25 

-»0*150 1 




1 

1 Longest diam. at rt. angles to W. L. 

j ;3*0iX) 

S-ICK) 

+0*100 ! 





i Slior tes t do. paraliel with W.L. and 7 
! a little below it ...... J 

:!' 3*000 

r 

2*760 

-0*210 

16 

1 Cast- 

2 

1 

! ■ 1 

: 12''’' cjliiider, 9" deep, thick 





i iron. 


s 

I External circniiif. of tipper edge ... 

.10*00 

41*05 

+0*15 





1 do ■ . ■ do least expansion 


‘40*95 

+005 





i do do lower edge...., , ! 

40*90 1 

. -1 

41*15 

'+0*25 

17 

j Cast- 

! 5 

: ,1. 

.2 

1 3'' solid ejlinder, 6" deep: — 


1 ' '■ 



1 'iron. 



I External cireiimf. of upper edge ... 

9*4 

i '9*55 

+0*15 



i' 


I do do least expansion 

1 9*4 

1 9*50 

+0*10 



1 

i 

1 do do lower edge 

j 9*4 

9-55 

+0*15 


rigs.203 21. 
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ACCOimT 

OP AS- 

IXPEEIMEOT CAESIED OH A3? SHOEBUEYHESS, 27th APEIL, 1863, AOAIHST 
A TAEOE3? PEOPOSEO BY Mb CHALMEES, AHB COHSTEIJOTED AT THE 
' MIIiIWAiL lEOHWOEES. 


[CONTBIEUTEB BY CAPTAm E. J. BETJCE, E.A.] 

The target (IS' 4" long by 10' high) was composed of 3|-in. armour 
plates, backed by alternate layers of timber and iron lOf'' thick, placed 
horizontally and bolted together; then a second armour plate l^-in. thick, 
with a cushion of timber 3|-in. thick between it and the f-in. plate forming 
the skin of the ship ; the iron plates used in the backing, between the 1st 
and 2nd armour plates, were |-in. in thickness and 5 -in. apart from centre to 
centre. The armour plates were secured to the skin by through bolts, 2| -m. 
diameter, having stepped conical necks, and a square thread, with double 
nuts and elastic washers. An iron plate, |-in. thick, was riveted on each 
end of the target, and a f-in. plate on the top. 

The target was supported against one of the Hawkshaw targets. 


Weight per superficial foot of Mr Chalmers’ target 371 lbs. 

do “Warrior” do 341 lbs. 


The following guns were used in the experiment : — 

One 300-pr. Armstrong muzzle-loading shunt gun. 
Three 110-pr. Armstrong breech-loading rifled guns. 
Two 68-pr. smooth-bore guns. 

The following shot and shell struck the target : — 

From 300-pr. gun — 

Total weight in lbs. 


Steel solid shot, 1 301 

Spherical, cast-iron, 2 299 

From 110-pr. guns — 

Solid shot, cast-iron, 6 662 

do do 6 (197 lbs. each) 1182 

Shell do 6 .... 624 

From 68-pr. guns — 

Solid shot, cast-iron, 3. 198 

Shell do 4 198 


Total 3464 lbs. weight of shot 

struck the target. 
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! 

i 

© 

Trojectile. 

! 


! 


f-s 1 

d ! 

§ 


1 





« 1 


S' 

‘ 

. i 



i 


b ' 

hi 1 

O' i 

•xs „ 

§ 

I 


X 

r©' 

I 

aTj 

'tS 


0 

hi 

g 

'i 

0 

g i 

'S3 I 

•S i 


a 1 



© 

f 

m 

0 

0 

,=5 j 

0 I 

1 

"« i 

■ ! 

s : 

.£f 

*© j 

© 

sx 

h* 

« 

Zj 

"S i 

1 * ': 
© ; 
S 

hi. 

§: 

”, 

Q 

ft 

i 






/ 


/ 

l{ 

564 llO-pr 

.Shell 

104 

12 

24:200 

14 E 




Sited 







! 


with 







1 


sand. 






2 

585: 

JS 

jj 

n 

Si 

... 

SJ 

JS 

.3. 

5681 

i 

w 

n 

Si 



JS 

S5 

4 

: 

587" 

68-pr. 

j> 

49| 

16 


20' 

nil 

5 

588 

" 

jj 

9J 

S3 


JS 

JJ 

0 

589 

110-pr 

Shell 
med \ 

I . 

104 

1 

•IZ 


24' 

14 E 




with 

powder. 






7 

670 

if 

JJ : 

>s 

ss 1 

... 

jj 

JJ 

8' 

571 

JS 

.JJ 

JJ 

JS ' 


jj 

j» i 

j 

9 

572 ' 

68-pr. 

n 

49|' 

16 


20' 

1 j 

nil ! 

10 

573 

, ■ 'jj 

#» 

SJ. 



SJ 

J? i 

11 

574 

110-pr 

Solid 

110| 

14 


24' 

i 

14 E 



cast- 








iron 









shot. 






12 

1576 

n 

jj 

»j 

.JJ 

... 

JJ 

i 

1 


E&'ectSi 


' ft ; W )JSi 

^ i a.S 
•S [ g i o^.S 


Eemaxks, 




‘4f [ .., I ... 


1^55, 


1*25! 9' 


9*5 

10 * 


s 


1-2 


i Struck centre plate from bottotUi and 
’ 4/ 4/^ from left side. 


; Struck centre plate from tbe top, and S' 1" 
I from tke rigbt side; the plate drmn in 
i 1-5" in. a length of 3*'. 
i Struck the lower plate 6 " from the top, and 
i 7' 3*5" from the right sid,e. A bolt I' 3" 
j from indent started *4" ; and a crack, 19" 
long, extended through a bolt-hole at 1 ' AS" 
from impact. At the back, after these 
three rounds, five rivet-heads were off. 
Struck the centre plate 1' 4*5" from the top, 
and 5' 1*75" from the right side. At the 
back, two rivet-heads off. 


7* ‘3* 


6 * 75 : 2*7 


Struck the lower plate 7*6" from the top, and 
0 / 8 * 5 '' from the right side ; a crack 8 " long 
parallel to the circumference of indent, and 
9" below it ; a crack 6 " long from the top 
of the plate, at 9" from indent; three 
small cracks below indent, and parallel to 
its circumference ; also a narrow crack, 9" 
long, from a bolt-hole, V from impact. This 
round struck near I^o. 3, and the plate is 
now driven in 1*25". One rivet -head off at 
the back of the target, and several india* 
rubber washers compressed. 

Hit at the junction of the centre and upper 
plates, 4' from the right side. The centre 
plate started *25" at right side. 

Hit the upper plate, V 3" from bottom, and 
6 ' 6 " from the right side. 

Hit the upper plate 1 ' 6 " from, bottom, and 
4/ 5" from left side. At the back of the 
target, after rounds 6 , 7 , 8 , one rivet-head 
was off, and a slight curvature of one side 
of a double rib. 

Struck the lower plate 6 " from the bottom, 
and 4' 3" from the right side. 

Struck the lower plate 1' 3*5" from the bottom, 
and A 5" from the left side. The crack from 
bolt-hole made by round IJTo. 6 much widen- 
ed, and now* extends to the bottom of the 
plate ; three small cracks on the indent of' 
round No. 5. 

jStruck the top plate 1' 2" from the left side, 
and 1' 6 " from, the bottom, A wide crack 
on face of indent; the plate was forced up 
*5" from the centre one, and started 1 * 6 " at 
bottom and 1*3" at top on left side, and had 
started from the backing for a length of S' 
from tho left side. ThrcNS rivets broken in 
the |-in. plate on left side of target. 

Struck the centre plate 1 ' 4" from the top, 
and 2' 2*5" from the left side. The plate 
cracked sKghtlj in indent, and a narrow 
crack 2 " long, 6 " above indent. The plate 
started 1*4" at top, and 1*3" at boitom on 
left side. 
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Struck the lower plate l'^ 4*5''' from the left 
side, and 1' 3 '5''' from bottom. A crack, 7*5" 
lon^, 8''^ to left of indent j lower left-hand 
bolt started '5" ; the plate started 2" at bot- 
tom, and 1*3" at top on the left side. Seven 
rivet-heads were broken off by the last three 
rounds. 

Struck the centre plate 8" below round Ko. 4 
(from centre to centre) . The indents of the 
two rounds measure 16" in length,* a crack, 
3*5" long on indent, and five cracks on in- 
dent of round ISo. 4; plate started *1" on 
right side. No damage to the rear of tar- 
get. 

Struck top plate 9" from bottom, and 5' 5" 
from left side. 

Hit centre plate 9" from bottom, and 5' 11" 
fi’om left side. 

Hit lower plate 6" from round No. 10 j indent 
very slight. At the back, three inner 
armour-plate bolts broken. 


"Fired in salvo, and struck the centre plate in 
a space measuring 1'3" square. Eoimd 18 
, struck at 1' 2" from bottona of plate ; round 
] 19 at 1' ; and round 20 at edge of the plate, 
' At the back, three rivet-heads off, and two 
ribs slightly buckled. 


Struck three yds. short, and passed under tar- 
get, only grazing the bottom of the lower 
plate. 


Fired in salvo, and struck on the right end of 
the upper plate. Two 08-pr. shot and one 
110-pr. struck in a space measuring 2' 7" x 1' 
the 110-pr. at the junction of the centre and 
upper plates, and the two 68-prs. on a bolt, 
the two indents of the latter measuring 14" 
in length; the upper plate driven in 4" at 
bottom below C8-pr. indents, wide cracks on 
each side of 68-pr. indents. Indents of 
110-pr. 2*5", 2*" rcsi:)ectivoly ; cone remain- 
ed in one indent; wide crack across right 
68-pr, indent, extending to a bolt-hole; 
crack, 6" long, from top of centre plate be- 
low 68-pr. indents. Fpper plate forced up 
•75", At the back, one through bolt broken 
and driven out (fracture not in thread of 
screw, but in shank) ; one rib buckled. 
Two small bolts (bolting the wood backing 
Jo the skin) started *2" and *5". 

jStruck at the junction of the centre and upper 
plates, at 4t' 4" from the left edge of target, 
and on a bolt, penetrated the target, and 
made a hole 14-^ x 13". At the back, frag- 
ments of plate, backing, &c., driven tbrough; 
large irregular hole, 2' x 1'' 6"; general bulge 
of skin over 4'6''x3'6^'* one rib smashed 
and driven back 1'6'S* ragged inner skin 
sticking out 1' ; many adjoining rivet-heads 
off. The shot set-up 1'93". 



P rojectile. 


i28:591 


Cast- 
iron 
sol ill 
shot. 


IStruek at tlie junction of tke upper and 
centre plales^ at 3' 6" from right sida 
of the target ; penetrated to a depth 
of 11''", and made a hole in the front of 
' the target mcafiuring 1 1"' x 11"'; two j 
I through bolts broken, one at 15"" from | 
point of impact ; lire inner armour- 1 
plate bolts broken, and one driven in 
3"" ; five rivets broken ; a rib bulged 
out 2"" in a length of 4", and another 
rib bent I"" in 3" ; considerable bulge 
of skin over a space of 3" x 2", and 
the skin opened I"" at the junction of 
the plates; on© angle-iron of rib 
broken. When the front amour 
plate was removed, the backing was 
found to have been affected for about 
3" 6"" on each side of the hole, being 
I 2"" out of the plane at the greatest, 
depth. 

Struck the lower plate 10"" from the 
right side and S"" from, the top, touch- 
ing a bolt ; made a hole in target 12"" 
diameter, penetrated to adepth of 12'", 
and shot broke up in hole ; the upper 
right-hand comer of the plate, the 
sides measuring 11"" x 9"", was de- 
tached and was forced 4"" into the 
backing at the side next the hole; 
two inner armour-plate bolts and 
three rivets were broken; the skin 
w^as slightly bulged over a space of 
2'xl"d"", and was cracked for a 
length of 12"", the crack being *6""i 
wide in the widest part ; one ^g}©- 
iron of rib broken, and the india- 
rubber washers of the through bolts 
much compressed. 
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A OUEIOUS INSTANCE OF ELECTKOLITIC ACTION. 

BY r. A. ABEL, F.E.S. 


[COMMUNICATED BY THE SECEETAEY, E.A.I.] 

The inspection of a number of tbe lead-coated projectiles, employed witk 
the Armstrong guns^ has recently brought to light some curious and quite 
unexpected instances of the establishment of voltaic action within the coatings 
of certain of these projectiles, and in positions where the existence of an 
exciting cause was not at all anticipated. 

It has been customary to attach the coating of soft-metal (which is an alloy 
of lead with a small proportion of tin or antimony) to the l3ody of the cast- 
iron projectiles, by two different methods. The one consists in providing 
the iron surfaces with a number of grooves formed at somewhat acute angles 
with the surface ; the soft metal with which these become filled when it is 
cast over the shot or shell, serves to attach the coating firmly to the body. 
The other method consists in first alloying and coating the surface of iron 
with zinc (by the so-called galvanizing process), and then immediately cover- 
ing it with the soft metal. The covering of zinc fixed, in this instance, upon 
the iron, becomes the medium by which the coating of lead-alloy is attached 
to the body of the projectile. By the latter method, therefore, a perfect 
Juncture is accomplished between the two parts, while, by that first-named, 
they may be said to be fitted together accurately, or riveted together. 

The different manner in which the iron and the lead-alloy are affected by 
considerable changes of temperature has led, in a few instances, of a very 
special character, to a distortion of the coatings which have been attached by 
the mechanical method (i,e. by means of grooves) in consequence of their 
partial separation from the body of the projectiles. The alterations in form 
presented by some shells of this class, which have been exposed for a time to 
the effects of considerable changes of temperature, differ, however, altogether 
from those exhibited by a small'* proportion, among a number inspected, of 
shells, the lead-coatings of whim were attached by means of zinc. On 
various parts of these shells, the soft metal was found to have become raised 
in the form of blisters. Taking in size from | inch to 1 inch in diameter. 
A large (110-pr.) shell, which had been preserved officially, as a standard 
pattern, rince November, 1861 (having been kept in a glass case), exhibited, 
upon its coated surface, in addition to numerous smaller blisters, one 
measuring I'l inch in diameter, and projecting ^ inch beyond the surface of 
the shell (see fig) . These projections,- or blisters, were not confined to any par- 
ticular position upon the different shells ; neither had those projectiles, which 
exhibited them, been exposed te any considerable changes of temperature. 

The only inference deduoible Irbin the appearance of these projectiles was, 
that the blisters lad beenpro|i^ in consequence of the generation of gas at 
^ those parts of life ’ surface and' ’the coating of soft 

wMch ^ lad' to such an extent as to , be placed 

- f fery ^uiidc&bM consequently, to e^e]rt> eventuany, m 
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comparatively plastic al- 
loy of lead. This influ- 
ence was fully borne out 
by the following results 
of examination of the 
blisters. 

When these w^erepunc- 
turedj under water, a 
quantity of gas, exist- 
ing evidently under con- 
siderable pressure, made 
its escape. The gas was 
separately collected from 
blisters upon difi'erent 
shells, and was found, 
in all instances, to con- 
sist of pure hydrogen. 

The entire volume of 
gas, enclosed in the large 
blister specially referred 
to above, was carefully 
collected, and its volume 
was determined. The 
capacity of the blister 
w^as afterwards measured, 
and the results furnished 
by these determinations s 
examination, under a pressure very slightly exceeding ten atmospheres. 

By carefully cutting through the metal surrounding the blisters, several, 
which had been otherwise operated upon, were removed from the shells, 
the internal surfaces remaining untouched. On a close inspection of these 
surfaces, they were all found to resemble each other closely, those of the 
blisters as well as those of the iron body of the shell, immediately beneath 
them. They presented a frosted metallic appearance, small dark patches or 
spots, indicative of corrosion, being visible here and there. Those of the 
blisters and of the iron beneath wxre alike coated with zinc, and their pe- 
culiar appearance, jnst referred to, was to be ascribed to the existence, upon 
them, of numerous small projections, such as are observed upon the surfaces 
laid bare wdien a piece of metal is fractured by a tensile strain. 

It is evident, from the foregoing details, that the projections, or blisters, 
which have been described, had been produced by the gra4ual disengagement 
of hydrogen between the body of the]|^projectiIe and the coating of lead-alloy, 
w'hereby the two descriptions of metal, joined together thoroughly in the first 
instance (except probably at a few minute points) through the medium of 
zinc, had been torn asunder, and the thin intermediate zinc coating itself 
divided, the gas gradually creating farther space for itself by expanding the . 
envelope of , soft metal wMch confined it, ■ ' 

That th«e results' must have been due to the electrolytic decomposition 'rf ' 
some hydrogen-compound, which had beemme enclosed between the metjils, 
is self-evident ; an examination into the process of minufaetut« of t&w ' 
projectiles, aided by a few simple eX'peamentai data, ap^|3«wto •; 

i:^»ding the primary cau^ of this disengagement of’ gas. \ .'V ' , ! 
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the aid of the so-called galvanizing process^ are as follow : — The cast-iron 
projectile^ after having been turned^ so as to present a perfectly clean metallic 
rarface, is heated in an oven until its temperatare approaches ^ the fusing 
point of zinc ; it is then plunged into a solution of sal-ammoniac, almost 
mmediately withdrawn, and immersed in a bath of melted zinc, where it re- 
mains for about two minutes, when it is transferred to a bath of the lead-alloy 
with which it is to be coated. After remaining in this bath also for a period 
of tw^o minutes, it is withdrawn and placed in a mould.^ The projectile thus 
treated has become uniformly covered with a thin coating of soft metal, the 
thickness of which is afterwards increased, by pouring a further quantity of 
the alloy round the coated projectile, directly it has been placed in the mould. 

When the heated projectile is passed from the chloride of ammonium 
solution to the bath of zinc, portions of the salt remain adhering to the iron, 
upon its immersion in the zinc, and there is no doubt that a small proportion 
of water may also, occasionally, be carried along with it, so as to be brought 
together with it into contact with the melted metal. A small proportion of 
chloride of zinc is always formed at this stage of the process, by decomposi- 
tion of the chloride of ammonium, in consequence of the high temperature 
at which particles of this salt are brought into contact with the zinc, and with 
oxide of zinc, small portions of which may accidently attach themselves, at the 
moment of immersion, to any slight inequalities on the surface of the iron. 
The remarkable tendency of chloride of zinc to absorb and retain water, even at 
very high temperatures (the latter being only gradually expelled from it, even 
at the temperature of melted zinc), renders it easily conceivable that, at the 
time of production of the zinc-salt, any water accidentally present, besides 
that which results from the decomposition of the ammonium-salt by oxide of 
zinc, wdU at once be absorbed by it ; there is no doubt, therefore, that any 
particles of chloride of zinc accidentally enclosed by the zinc-coating formed 
upon the iron surface, will still retain some water at the expiration of the 
brief period during which they continue exposed to the high temperature of 
the zinc-bath. Afterwards, when the coating of zinc becomes, in its turn, 
speedily enveloped in that of the lead-alloy, the temperature of the projectile 
gradually diminishing up to the termination of the process, the escape, or 
decomposition, of the water, through the agency of heat, is speedily arrested. 

Thus it is that portions of water become accidentally enclosed between the 
iron body and the zinc-coating of compound projectiles prepared by this 
system ,* and it is this enclosed water which afterwards suffers gradual decom- 
position through electrolytic agency^ the accumulation of the liberated 
hydrogen giving rise, eventually, to the projections or blisters in the coating 
of soft metal. 

The surfaces laid bare by carefully cutting open many of these blisters, in- 
variably furnished proof that chloride of zinc had been enclosed at those places, 
and tlmt a basic chloride had been formed. Water removed from them a mere 
trace of chlorine, but, by a brief treatment with dilute acetic acid, abundant 
evidence was obtained of the existence of a chloride Vithiii the blisters. 

It should be observed that these accidental distortions of the lead-coating 
on Armstrong projectiles which have been prepared by means of the gal- 
vanizing process, appear not to he of frequent occurrence, and that they do not 
interfere with the, efficiency of bn.oh projectiles, because, even in the most 
striking instances, they constitute only a very small proportion of the coating 
of soft metal, which is, in aJl hther parts, inseparably joined to the iron j 
and also, because the <x)ating may, in places where it has been raised in 
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OEDNMCE SELECT COMMITTEE. 


2685/ dated 6fc!i February, 1863. 


Oy COMPETITIYE EIFLED CAST-IRON GUNS. 


Brigadier- Goueral Si Geoe&e, C.B., B.A. 
Captain Sir W. WiSEMAir, Bait., B.¥. 
Brevet-Colonel Ho0eE, C.B,, K.A, 
Brevet-Colonel F. A. Camibili*, B.A. 
Lieut.-Colonel B. S. Bayses, UnattacLecl. 
Lieat.-Coloncl Gallwey, B,E. 
Brevet-Colonel Leeeoy, B.A.. Secretary. 


[Coiomimicated by direction of the Secretary of State for War]. 

The Ordnance Select Committee have the honour to report to Secretary 
Sir G. Cornewall Lewis the results of an extensive trial of cast-iron 3S-pr. 
guns, rifled for diiferent gentlemen, in accordance wdth their respective views 
of the best way of rilling the existing store of smooth-bored cast-iron gans, 
under instructions first communicated to the Committee by Lord Herbert, in 
August, 1859 (Appendix L p. 342). 


The foUomng were the competitors ; 

Mr Basbley Britten. 

Air LynairTbomas. 

Air J.’ C. Haddan. 

Air C. W. Lancaster. 


Air A. Jeffery (added in Bee. 1859). 
.■'Mr J. Kasmjtjii. 

Mr J. Wbitwortli. 

Commander K. A, E, Scott, B.]V. 


Mr Whitworth did not deliver his gun in a rifled state until August, 1862, 
and has therefore taken no part in the competition, which was closed as 
regards competitive practice in 186L The Committee, however, having had 
occasion in the course of the inquiry to express their opinion on the merits 
of polygonal rifling, this Report, No, 1708, is subjoined (Appendix IT, 
p. 349). 

Commander Scott was not among the gentlemen originally invited to rifle 
a gun for trial; but having obtained permission, in November, 1859, to have 
a service 32-pr. rifled at his own expense, in the Royal Gun Factories, and 
subsequentiy a second gun, which has been tried concurrently with the 
others, he is here, for convenience, included in the Hst. 


$2i 


MINUTES OF PROCEEDINGS OF 


Mr Kasmjtli received permission^ in August^ 1859, to convert his gun 
into a breecli-loader, before rifling it, and in that state it was ultimately 
ordered to be tested to destruction. The gnu burst on 21st September, 1859 
(Appendix IT. p. 3-15), at the 27th round, being the 7th round with cylinders 
of 9611)5., charge 10 lbs. The Committee reported (No. 275, July 10, 
1S59) their opinion tliat the system of breech-loading adopted was one 
which weakened tlie breech of the piece too much to allow of its application 
to the existing service guns, and no further steps have been taken to realize 
Mr Nasmyths propositions. A 32-pr. gun, rifled by direction of the 
Secretary of State for War, on the system of the €cmo7i cle 30 rayee of the 
Trench navy, has also been inckided; and lastly, a 32-pr., prepared by Sir 
William Armstrong, for some preliminary experiments on the shunt mode of 
rifling, but without any intention on his part of proposing it for rifling 
smoo'tli'bored cast-iron guns. 

2. The whole of the guns selected were new 32-prs., of 58 cwt., of 
Messrs Hood^s manufacture, cast and smooth-bored at Lowmoor. 

The metal of this foundry is distinguislied by high specific gravity, and 
great tensile strength. The mean of 42 samples (enumerated Appendix III. 
p. 348), gives a tensile strength of 28,501 lbs. to the square inch, or 12*71 
tons. Tested by weight, suspended from a bar 2 inches square, and 10 
inches between the bearings, 11 samples gave a transverse resistance of 
27,969 lbs.; 7 samples cut 2 inches square, and 20 inches between the 
bearings, broke with a mean pressure of 9254 lbs. Comparing these results 
with the abstract of corresponding tests applied to 51 different makes of iron 
given in theEeport of Colonel P. Eardley-Wilmot, in June, 1856,* the iron 
is sixth in the order of tensile strength, and third in resistance to transverse 
strain. It is fifth in density. 

3. The several systems of rifling may be described as follows : — 

Mr B. Britten. — Gun rifled in 5 shallow grooves, one turn in 48 feet; 
projectile expanding, cylindro-conoidal, with lead envelop, attached by zinc ; 
weight, empty, 47 lbs. 

Mr Lynall Thomas. — Gun rifled in 7 shallow grooves, one turn in 18 feet; 
projectile expanding, cylindro-conoidal, with lead envelop, attached mechani“ 
caily; weight, empty, 55 lbs. 

Mr A. Jefl:ery. — Gun rifled in 7 circular grooves, one tmm in 64 feet; 
projectile expanding, cylindro-conoidal, with lead envelop, attached mechani- 
cally ; weight, empty, 45 J lbs. 

^Mr J. 0. Haddan. — Gun rifled in 3 large circular grooves, with one turn in 
25 feet ; projectile non-expanding, but cast with wings or projections corre- 
sponding in form to the grooves in the gun; weight, empty, 51 lbs.: an 
expanding wad was generally used, but latterly Mr Haddan employed a non- 
expanding w^ooden sabot. 

Mr C. W. Lancaster. — Gun oval-bored, difference of axis, *6 inch, one 
turn in 30 feet; projectile, cylindro-conoidal, but elliptical in section, and 
planed or turned with a skew corresponding to the bore ; weight, empty, 
45f ibs. 


Sessional Paper 407. 1866. 
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Comnianrler E. A. E. Scott, E.H.— G-un . rifled in tliree eccentric circular 
grooves, one turn in 48 feet;, projectile, Bon-expaiiding, but cast tiitli long 
wings or projections coiTesponding .'witii tlie givores on the gun, and set at 
tlie same angle to tlie axis ; tlie bearing edges planed to tiie angle of rifling, 
and faced witk Kinc ; tlieir general form c^dindrical, witli lieniispberical ends ; 
weight, empty, 8 8| lbs. :■ an expanding- wad is used. . 

The annexed Plate exhibits at one view the form of each projectile^ with. 
the principal particulars of the rifling of each gun. 

4, The Committee have ascertained that in point of expense there is very 
little difference between any of these systems. They could, any of them, be 
applied to smooth-bored gnus on a large scale, at a cost of not more than 
104*. per gim for rifling, by extending the machinery in the lioyal Gun 
Factories, It is stated by ]\[r Anderson that the system of ilr "Bcushley 
Britten would be the least expensive, and that of Mx Iladdan the most 
expensive, fl-lie order of expensiveness is considered by Mr Anderson 
(Minute 3035) to be — 

Mr B. Britten. . Mr G, W. Baneaster, 

Mr A. Jeffery, Commander Scofct, Ii.X. 

Mr L. TJioiaas. XIi* J. C. Iladdan. 

But they would all range between Is, 6rl, and lOd. per gun, for the cost of 
rifling, if executed in numbers, and this element is therefore immaterial, 

5. When, however, the Committee compare them in respect to the 
'expense of the projectiles, the difterence is much more consitlerabie. 

The Superintendent, Eoyal Laboratory, has at tlieir request estimated the 
costy;^r Ikonsand of the common slielis proposed for use by each inventor, 
and reports it as follows : — 



Ihs, 

£ 

s. 

d. 



£ s. 

d. 

Commander Scofct . . . 

40 

184 

9 

0 

■Mr Jeffery 

. 49 

205 5 

0 

M Haddan 

4,7i . 

.. 193 

9 

0 

Mr Britten 

. 471 . 

.. 305 8 

0 

Mr Lancaster 

m ■ 

.. 194 

4 

0 

Mr L. riiomas . . 

. 541 . 

484 2 

0 


The present smooth-bore 32-pr. shell, weighing 22 lbs., costs £87. 14?. 
per 1000, and the round shot £85. 174. per 1000 ; to set against the more 
expensive projectile, however, there is a reduction of charge, which will be 
from 3 to 5 lbs,, as against round-shot charges, but not more than 1 or 2 lbs., 
as against shells, the larger bursting-charge absorbing part of what is saved 
on the firing charge. 

6. The Committee, on entering into this inquiry, were led to suppose 
that the several gentlemen who had been selected by the Secretary of State 
to rifle smooth-bored guns, had matured their views, and were prepared to 
carry out their respective systems at' once, if allowed to do so. That such 
was also the impression conveyed to the Secretary of State may be inferred 
from the fact that the original orders only included 50 projectiles on each 
system, a number which might be sufiicient to deterinine their relative 
accuracy in a match, but w^as quite insufficient to determine the various 
questions which soon arose. In a jSeport dated 25th April, 1860 (No. 762), 
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“ It win be seen that some of the modes of rifling 


the Committee remarked, ■ xo wiu uc occji kuhu 
selected by the Secretary of State for this competitive trial have not been 
tried to this day, nor is there one instance in which the advocate or inventor 
of a system has presented himself to the Committee with his gun and 
projectiles in a state of readiness for a direct and final trial. Each gentleman 
has as yet required a number of preliminary experiments, to furnish himself 
with data on which to base his final arrangements. The Committee are far 
from imputing blame to them for this. It is next to impossible to determine 
many of the minor details on which the success of each method depends, 
without such experiments ; but it will be seen, that as every step necessitates 
some delay, and some correspondence, the progress of the Committee must be 
retarded thereby.” The original intention was, that out of the 50 shells 
supplied by each competitor, 10 should be at his disposal for preliminary 
trials, to fix the service charge, and the remaining 40 be fired at 5° and 10° 
of elevation, for comparative results. The instructions given to the 
Superintendent of Experiments at Shoeburyness, with reference to Mr 
Britten’s gun (Appendix I. p. 342), the first which was ready, may be quoted 
for the whole of them. 

7. The first 32-pr., rifled for Commander Scott, jN’o. 9029, burst on 
17th July, 1860, before that officer had settled the form or weight of his 
projectile, or his charge, and another gun was allowed to be rifled for him. 
This gun. No. 9127, reached Shoeburyness on 18th October, 1860, and is 
the one referred to in the following Table, which contains a comparative 
statement of the results obtained by firing the original 60 rounds, disre- 
garding the 10 placed at each inventor’s disposal, and also such other rounds 
as from change of projectile, alteration of charge, or some other cause, are 
not strictly comparable. 

It will be seen by the dates that Mr B. Britten and Mr Jeffery were ready 
long before the others. The order of merit, judged by this first practice, is 
Haddan, Britten, Jeffery, Scott, Lancaster, Lynall Thomas. 


Table I. 


ABSTEACT OP PEACTICE OP COMPETITIVE EIPLED CAST-IEOW 32-be. GUNS, 

unhee the obiginal pbogeamme. 


ISTame of 

competitor Date, 
andgim. 


MrB.Britomv.ie, 1859 3 S3 5*0 51*200 5 ^ot 17351191818^ 40*7 2*7 2*2 724 

1SV8658. ... — 19 10 obs. 2864 319(5 3n7| 61*7 6*9 4*6 1860 

Mr A-JeteryMajlS, 1861 \ 4 18 6*5 47*362 6 6*23 170619691886 67*6 10*2 3*0 1358 

Ho. 8460 ... 1011*30 2985:323713129. 65*4 131*6 6*1 2640 

Mr July 24, 1860 


3 SO 7*0 53*991 6 6*48 197021232034 32*7 7*8 3*9 991 
, II 10,11*57 3117 3301 3228, 36*6 22*6 6*1 1428 
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Table l^—Contimed, 


. ■ 3,, 4 5 0 7 S 9 10 11 12 13 M 15 


iVame of , 
competitor, 
and gnn. 

■ 

Date. 

: 

. s .g 

*43 O 

g © 
.is £« 

S' 

;s 

a 

’o 

d 

Charge. 

- . ! 
1=1 is 

o *.2 
JS.®. !-g 

§14 

1i 

S o 

Eanges. 

& l.i 

r* 5 "S "S 
5 pj o 

a'sjl 

^ a 

5 g 
H *3-3 

S8 S& 
CJ' «TS' 

s 

Area ol' rect- 
angle. 

•S J 
a a 

i 

Com. Scott joct. 23, 1860 
510.9023. 1 

! ■ . . - 

Sir Lancaster' Jan. 21, 1861 
]Xo. 9050. Feb. 4, „ 

Mr L.Thomas Feb. 23, 1860 
Ha. 8611. 1 

• April 13, „ 

\a 

1-2-3 

; 

■ 1-2 

[lbs. 
Ill 6-0 
8 ... 

20 6*0 
20.... 

2 oj r*o 

S'-../- 
iSj ... 

lbs, 

40-641 

48*016 

56*606 

5 

10 

5 

10 

5 

5 

■ 

6:32 

11*48 

'■ not . 1 

1 obs. ■ 
12*02 

1 5*73 

i:e-i8 

12-21 

yds. 

18802031 

29673221 

10642*233 

3239.35'40 

1655'2F40: 

. i i 

17582031 

*31603608 

1 

yds. 

1975 

3136 

2096 

3410 

1910! 

1933 

3375 

Tcls. ! yds. 
37*5 j >5 
80-8 1 7-4 

I 1 

66*3 = 9*9 
80*3 ;20-6 

124*9 1 7*8 

1 

700 il2*2 
il06*8 :72*8 

yds. 

2*8 

7*6 

7*3 

!l0*5 

0*8 ’ 

3*1 

16*8 j 

■ i 

yds. 

891 

5,598 

3,749 

5,811 

5,941 

%m 

13,345 


8. In July I860, the Committee recommended, in their Eeport Tfo. 956 
(Appendix Y. £, p. 354), that Air Britten^s two 32-pr. guns, No. M (A), 
rifled in May, 1856, in a oBcwt. block, and No. 8658 (I), rifled for this 
competition in October, 1859, should be fired up to 300 rounds each, as 
well for endurance as for a better knowledge of their powers in respect to 
range and accuracy. This was approved by Lord Herbert (Min. 1770), 
and extended to the gun of 8-inch calibre in a 68-pr. block, rifled in 
December, 1859, No. 8282. It was subsequently extended to Commander 
Scotf s and Mr Haddan^s guns. 

9. The second comparison was decided upon in consequence of the 
numerous alterations made in the course of the preceding trials by some of 
the competitors : alterations in the form of the shell, in their weight, in the 
charge employed, in the nature of the w^ads, cups, and lubricators, and 
in other details. The necessary stores were demanded on 8th Tebruary, 
1861, but they w^ere not all collected until August following, when the 
Committee attended at Shoeburyness to witness the practice. Each com- 
petitor was informed (Min. 3823) that he was at liberty to apply to the 
projectiles now to be tried every improvement suggested by his previous 
experience, provided he should not by so doing introduce any substantial 
novelty of principle or construction. The Committee also decided that in 
addition to the rounds to be fired with the several service charges proposed 
by the competitors, the whole of the guns should be fired with charges 
bearing the proportion of one-tenth to the weight of the shot (Min. 3355). 
Annexed is the programme (xlppendix YL p. 365) prepared for this trial, 
which took place on the 2nd, 3rd, and 5th of August, and the Elith, 25th, 
£6th, and 27th September, 1861. On the latter occasion, the two rifled 
32-prs., previously referred to, Sir William Armstrong's, and the one on the 

„Erencli system, w^hich w^ere not originally competing guns, were fired ^for 
comparison, as was the smooth-bored or service S2-pr. . ; ■ 
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Table II. 

ABSTEACT OF FEACTICE MADE WITH 33-Pii. CAST-IEOJT GEES EIFLED OS' 
DIFFEEEST SYSTEMS, WITH IMPEOVED PEOJECTILES, FIEING THEIE 
PEOPOSED SEEVICE CHAEGES. 


1 


2 

3 

4 

5 

6 

7 

8 

9 

10 11 

12 

IS 

14 

15 

2^ame of 
competitor 
and gun. 

Bate. 

Direction and 
force of wind. 

L 

n 

« 

1 

*0 

0 

O' 

0 

Mean weight 
of projectile. 

M 

R 

hloan reduced 
time of llight. 

i 

j Banges. ' ■ 

'S 

1 

0 rt 

00 S 

Mean reduced 
deflection. 

Area of rect- 
angle. 

.3 

eS ' 0 

d Sc 

i i 
n ^ 

■® Q, 

QJ. 05 






lbs. 

lbs. 

0 

1 

lyds. lyds. lyds. 

yds. 

yds. 

yds. 

yds. 

Mr B. Britten 

Aug 

2,1861 

\s 

jlO; 3-000 

50*37 

2 

2*84! 738,1064; 912 

76**^ 

2*6 

2*0 

1,598 

8658. 









1 

1 j 






7t 

3, ... 

> 

15 


5 

6*0Gjl725;20841S98 

73*1 

5*0 

1 

3*5 

2,027 



5, ... 

\4-5 

12 


10 

11*56|3268.3467'3396 

52*8 11*7 

7*6 

3,290 

Mr A. Jefierj 


2, ... 


15 ! 5*500 

47*94 

2 

2*97'l036112Jl072 

26*7 

2*3 

1*8 

377 

Ko. 8460. 


3, ... 


15 



5 

6*43'2051i2238 2155 

38*5 

5*8 

2*9 

892 


79 

6, ... 

. 99 

12 



10 

11*95:352436663624 

31*3 

8*9 

7*6 

1,966 

Mr Haddan 


2, ... 


15 

7*000 

54*46 

2 

2*70 

742!i093 980 

51*1 

3*1 

3*0 

1,328 

Ko. 8640. 


3, ... 


14! 



6*491821,22482137 

65*9 

8*1 

7*0 

4,008 


99 

6, ... 

97 

12 

99 


10 

11*663377 

3673 3503 

' ,67*7 

35*7 

9*2 

6,418 

Com. Scott ... 


2, ... 


9 

6*125 

43*76 

2 

3*26 1094 

11511129 

19*7 

12*3 

7*2 

^415 

No. 9127 










1 





Mr Lancaster 

Sept. 24, ... 

A 6 

6 

6*000 

50*78 

2 

3*401023 

12421176 

62*4 

6*7 

4*9 

2,568 

No. 9050. 



1 













79 

23, ... 


8 




3*36!1017 

12381137 

61*3 

2*6 

2*6 

1,261 


97 

25, ... 


6 



6 

6*73 2059 
1 

22132136 

i 

51*2 

0*8 

6*8 

3,481 



26,. ... 


9 



« 

6-G8-1970 

22652128 

57*2 

22*2 

4*1 

2,043 


79 

26, ... 

j s 

7 



10 

13*14^3350 

35663^466 

66*9 61*5 

9*5 

5,913 


97 

27, ... 

t ^ 

5 



i 

11*80:3103 

3583j3333 

172*6 31*8 

15*2 

28,326 

French gun 

79 

24, . ... 


7 

5*500 

01*69t 

1 2; 

2*83 

848 

916j 876 

17*9 

2*0 

1*4 

225 

No. 9130. 


25, ... 


8 

. 


?> 

2*81 

828 

916! 873 

19*0 

3*5 

2*4'^ 

355 



.25, , 

99. 

6 



1 51 

5*871641 

1818'1721 

50*8 

7*8 

5*0 

2,642 


» 

26, ... 


9 



1 

6*0l!l664 

1779il730 

28*9 

4*9 

3-2 

540 


97 

26, ... 

' " 99 ' 

7 



10 

10*99,2949 

3082,3014 

'51*7 

8*3 

6*1 

2,965 



27, ... 

99' 

5 



91 

ll*02i2888 

30402903 

39*01 25*8 

5*3^ 

1,006 


Mar. 

9, 1862 

'■ ■ JS 

16 

5*500 

65*64 

2 

2*82 

708 

882; 827 

24*2 

2*03 

1*55 

218 


99 

9, ... 

99 -■ 

15 



6 

5*89!1584 

17721672 

45*6 

0*19 

2*33 

849 


99 

9, ... 

I- 99. 

15 



10 

11*02 

2'742 

30192891 

84*0 

19*9 

4*40 

2,962 

Shunt gun ... 

Sept. 24, 1861 

99. ' 

7 

5*500 

56*351 

2 

2*93 

917 

1006 972 

25*9 

3*3 

1*1 

263 

No. 6S4S. 

' 'W". 

25, ... 

99' 

8 



„ 

2*91 

898 

974! 934 

10*2 

2*8 

1*4 

199 


99 

25, ... 


6 



5 

6*27 

1832 

2002 1940 

63*0 

8*2 

2*5 

1,595 


>9 

26, ... 

»J 

9 



79 

6*31 

1883 

2009'l952 

38*7 

20*0 

2*7 

918 


79 

26, ... 

99 

7 



10 

11*79(3238 

34023331 

60*3 

55*8 

7*5 

3,660 


99 

27, ... 

99 

6 



99 

11*50 

3158 

3317.3222 

42.0 

38*3 

4*3 

1,953 

Semce 32-pr. 


24, ... 

99 

7 

10*000 

31*250 

2 

3*76 

1267 

13731300 

38*0 

1*5 

1*4 

514 

smooth-bore, 


25, ... 

99 

7 



99 

3*41 

1118 

13111164 

20*0 

4*7 

2*3 

443 

No. 7138. 

79 

25, ... 

99 

8 



5 

7-05 

1964 

21742033 

65*2 

24*2 

9-6 

5,296 


79 

26, ... 

99 

9 



99 

7*12 

1946 

2281*2038 

84*0 

11*4 

8*9 

6,671 


79 

26, ... 

99 

7 



10 

12*10 

2S14 

31262957 

103*6 

51*5 

50*7 

49,644 



27, ... 


5 



99 

U-64 

2734;3079 2848 

92-8 

33*6 

36*2 

36,494 


• ©ds gtm test at &© teii& roimd* 

t O^ese projectiles had been made for a. gun mtb right-handed twist, and in firing them from 
the present gun the iron side of the stud became the bearing side* 
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10. Tables I and II speak for themselves, except in respect to the last 
four colomiis, which may require some little explaiiation. 

Column 12, headed difference of range, is the arithmetical mean 

of the quantities by which each individual shot differs, in point of range, from 
the mean of the wdiole. Its amount is therefore a measure of the irregularity 
of range of the gun. 

Colamn 13, headed ^^Mean observed deflection,^^ is the mean of all the 
deviations from the line of fire, whether to right or left. 

Column 14, headed ^^Mean reduced deilection,^^ is the mean of the devia- 
tions, referred, not to the line of fire, but to the mean direction of all the 
shots; thus eliminating derivation and other causes influencing them all 
alike ; also wind, so far as it affects direction, bnt not as affecting range. It 
was originally intended to have reduced all the deflections to their value at 
the mean range, and this would have been necessary if they had all been 
referred to one line of fire; but each having been referred to its own line of 
fire, the comparison is fair ; and the mean deviations are the same as if this 
somewhat laborious reduction had been made. 

Column 15, headed Area of rectangles,^^ is the area of that rectangle into 
which, by calculation of probabilities, one-half of the shot at each distance 
may be expected to fall.* The area is perhaps the most convenient datum 
for tabular comparison; but the length and width are given in Table YIII., 
p. 335. 

11. It will be observed, that as the several competitors were not limited 
in the weight of the projectile they might employ with a rifled cast-iron 
32-pr. gun, or in their charge, they adopted charges which bear very different 
proportions to the weight of the shot : the ranges obtained, therefore, under 
the same degrees of elevation, are not directly comparable. The charges, in 
order of relative amount, are as follows : — 


Table III. 


. . ■ ■ . ■ . 

Kamo. 

- 

Charge. 

0 

Shot weight. 

P 

G 

P 


lbs. oz. 

lbs. 


Smooth’ bore 32-pr 

10 0 

31*4 

•312 


Shell loaded. 


French system 

5 8 

64-7 

•085 

Shunt rihe i 

6 8 

56*3 

•098 

Britten i 

5 0 1 

60-4 

•099 

Jeffery 

. 5 - 8. ■ : 

47*9 

•115 

Lancaster 

6 0 

50‘8 

*118 

Service B.L. 40-pr 

6 O' 

40*5 

•123 

Lynali Thomas 

Haddan 

7 0 ! 

7 0 

66*6 

64*5 

•124 

•128 

Scott 

6 % ; 

43*7 

•140 


To obtain a direct comparison of range, it was decided to fire the whole 
with equal relative charges of one-tenth the shot^s weight. The results are 
contained in the following Tables : — 


^ See a Paper bj Captain A, 2{oble, in the ^‘Occasional Papers” of fcbo Eoyal Artillery Institution, 
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Table IV. 

ABSTEACT OP PEACTICE MADE WITH 32-pe. CAST-IEON GUNS, EIPIED ON 
DIPPEEENT SYSTEMS, IN COMPARISON WITH AN ARMSTRONG 4,0.P3. AND 
A SMOOTH-BOEED SS-pb.,- THE WHOLE FIRING A UNIFORM PEOPOETION- 
ATB CHARGE OF ONE-TENTH. 


' 1 ■■ 

2 

8 

4 

6 

6 

7 

8 

8 

ID 

11 

12 . 

IS, 

14 

Kame of 
competitor 
and gxm. 

Date. 

Direction and 
force of wind. 

— ^ ^ — 

1 

>4 

% 

i 

1 

i. 

*S o 

§ p. 

\ 

Elevation. 

Mean reduced 
time of flight. 

Eanges. 

Mean diff. of 
range. 

Mean observed 
deflection. 

Mean reduced 
deflection. 

1 

i 

i 

S 



1 


lbs. 

lbs. 

o 

// 

yds. 

yds. 

yds. 

yds. 


yds. 

4i0-pr.l)reec1i- 

Oct. 11, 1861 

6-6 

5 

4*106 

41*06 

2 

3*40, 955,1073 

1033 

32*8 

2*4 

1*2 

loader;N'o.24! 



5 



5 

6*24 183111950 

1886 

41*2 

2*1 

•7 




6 



10 

11*38 3222 3354 

3262 

37*0 

3*0 

1*9 

Mr B. Britten 

Aug. 6, 1861 

3-4 

5 

5*038 

50*38 

2 

3*181083;il25 

1103 

13*8 

1*7 

1*6 

No. 8668 



6 



5 

6*442045,2197 

2123 

41*6 

6*8 

3*2 



\ 

6 



10 

11*52 34253523 

3465 

24*4 

11*5 

6*5 

Mr A. JTeffery 

Aag. 6, 1861 

do 

6 

4-m 

47-01 

'2 

2*94 

945 1067 

1018 

29*6 

2*3 

2*1 

No. 8460 



5 


. 

6 

6*14 19582053 

1991 

25-2 

7*8 

3*3 




1 6 



10 

11*62 2896 3440 

3282 154*4 

24*0 

12*8 

Mr Kaddan. 

Augi 6, 1861 

do 

5 

6*450 

54*50 

2 

2*70 8371 944 

905 

31*8 

2*4 

1*3 

No. 8640 



5 



6 

6-7016181888 

1762 104*4 

6*2 

5*1 


ti 

1 

S' 



10 

10*78 

3037 

3250 

3109 

56*4 

22*9 

4*8 

Slmnt 

Oct. 11, 1861 

Y 

6-6 

1* 

5*635 

56*36 

2 


... 


1093 


5*3 


No. 6842 














Mr Xaneaster 

Oct. 11, 1861 

. do 

5 

5*078 

; 60*78 

2 

3*04 

967 

1087 

1032 

41*8 

2*4 

2*6 

No. 0050 

if 


5 



6 

1 6*441961 2097 

2032 

34*2 

11*6 

11*3 


if 


6 



10 

1 11*48 3113 3464 

3270,126*2 

12*2 

10*9 

Breach 

Mar. 9, 186S 

5 do 

S 

6 554 

65*54 

2 

2*76 

i 822 909 

861 

32*0 

3*40 

*4 

No. 9130 

if 


5 



6 

6-20 1817-1877 

1839 

19*6 

8*90 

1*2 


w 


5 



10 

12*073233 3308 

3274 

27*7 

25*90 

! 

Service 32-pr. 

Oct. 11, 186? 

J 5-6 

5 

3'12£ 

; 31*25 

2 

2*80^ ess! 770 

721 

3-4*8 

1*5 

1*1 

smooth-hored 

» 


5 



5 

5*32 1186 1351 

1302 

68*4 

3*7 

3*7 

No. 7138 

ii 


5 



1C 

8*8817702160 

20291U7-0 

1 

12*4 

12*4 


IE. On the completion of the practice, the Committee took steps to 
ascertain the initial velocity of the projectiles of each gun, by means of 
Navez’s electro ballistic apparatus. The results are contained in the fol- 
lowing Table, to which is added the velocity as observed or deduced from 
the observations for an equal relative charge of one-tenth. 


^ Gim test at Sad rouad^ or 327tli in all 
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Table V. 


!Fame of 
competitor 
and gnn. 


Biittea^ 

Jeffery 

Haddan......... 

Scottf 

Xancaster 

Tliomaa 

Xreacli 

Sb-untf ......... 

^ Service 32-pr. 
2 
2 


1 Armstrong’s 40-pr. 
Ho.oM 


^Armstrong’s naval 
40.pr., No. 184.il 


fcJO 

6 


jibs, oz, 
5 0 
5 .8 
7 0 


6 0 

7 0 
5 8 
5 8 

:o 0 

3 2 
2 7 


5 0 

4 0 

5 0 


Projectile. 


Weiglit. piameter. 


ibs. 

60-36 

48*06 

54*20 

51-00 

56*92 

64*68 

55*25 

31*60 

31*37 

24*31 

41*25 

40*5 

40*5 

41*0 


m. 

6*24 

6*26 

6-19 

C6-&') 
{. 6*32 5 
6*25 
6*36 
6*32 
6*166 
6*166 
6*164 

4*75 


4*75 

4*75 

4*75 


Telocity 
90 ft. 
from 
muzzle. 


Service Cbargejj 
Icliarge. 


ft. 

1199*7 

1253*0 

1267-9 

1234-4 

1384*0 

1052*4 

1161*9 

1653*7 

977*0 

968*0 

1190*3 


Telocity at 
muzzle. 


ft. 

1209*2 

1263*6 

1277*1 

1246*0 

1395*0 

1059*0 

1170*1 

1G90*0§ 


1197*5 


1219*7 1 1227*3 

1076*2 I ... 
1168*5 • 1174*8 

I 


ft. 

1213*5 

1181*2 

1123*7 

1149*0 

1277*Otl 

1148*4 

1172*7X 

993*7:1: 

988*8+ 


1081*4+1 

1050*7 


Relative 
strength of 
powderj as tested 
I)yl2-pr. Arm- 
strong 


1170 
1170 
1170' "■ 

1170 

1248 

1248 

1248 

1195 

1195 

1248 

1248', 

1248 

1248 


i Solid shot. 2 Common shell. 

^ Min. 5547. f Burst before this experiment. X Observed velocities. 

§ determined by Captain A. Noble. j| Min. 7607. 

•f The last column contains the velocities in feet per second of 12-pr. shot, fired from the standard 
gun on each occasion, with the same powder as that of the gun named. 


13. As a sequel to the whole^ and as affording a far more satisfactory 
test of endurance than can be obtained fay firing extra charges, it was 
decided, with the approval of the Secretary of State (Min. 4208), to 
continue the practice with those guns which remained serviceable until they 
should burst, using the service charge and service weight of projectile. 
Shot were substituted for shells in the case of Messrs Lancaster and Jefiery, 
for the sake of economy, and the guns were fired into the proof-butt, 
Woolwich. 


Table VI. 


Min. 

Gun. 

Charge. 

Weight of 
shot or 
shell. 

Previously 

fired. 

Pired at 
proof-butt. 

Total 

endurance. 

7054 

Britten 

ibs. oz. 1 
5 0 

Ibs. 

50*00 

363 

1123 

1486^ 

6234 

J effery 

5 8 

47*00 

113 

250 

1 363 

7738 

Xancaster ... 

6 0 

i 50*00 

200 

1800 

; 2000-^ 

7071 

JBtaddan... ... 

i 7 0 

1 64*12 

, 125 i 

90 

215 


DB 


[vox. III.] 


^ Not burst. 
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14. The Committee have now placed the Secretary of State in possessioti 
of all the material facts elicited by the coraparison of cast-iron 3 2-prs. rified 
on different systems^ a!id will proceed to draw the conclusions which they 
think warranted by them. 

The systems of rifling tried may be reduced to five, viz. t — 

(1) Tor expanding lead-coated projectiles, represented by the guns of 
Messrs E. Britten, A. Jeffery, and Lynall Thomas. 

(2) Bor projectiles with ribs or projections faced with zinc, with long 
bearings — Commander Scotffs, and the vsliunt 32-pr., which, how^ever, it must 
be remembered, was not prepared for this competition (see § 1), and fired * 
shells of a weight calculated for a wrought-iron (not a cast-iron) gun of this 
calibre. 

(S) Tor projectiles with studs or projections faced with zinc, having 
short bearings — the Trench system. 

(4) Projections not faced with zinc, with short bearings — Mr Haddan. 

(5) The oval bore. 

Mr Haddan and Commander Scott use a wad or sabot of wood or papier- 
mach^ and tried a variety of patterns. Both these gentlemen lay great 
stress on an operation of centering, supposed to be secured by the form of 
the grooves, and of the bearing edges of the flange or projection on the 
projectile, and which is intended to prevent any deviation of the axis of the 
shot from that of the gun. This, however, is equally sought in the shunt 
system and the Trench system, and to judge by the accuracy of the shooting, 
appears to be more perfectly attained by them. 


15. These systems may be compared under the following heads 

(1) Safety and durability of the gun, which includes absence of liability 
in the projectile to jam in the bore. 


Tlie Committee rank them in the following order :• 


1 Britten, least liable. 
S Jeffery. 

3 Thomas. 

4 Shunt. 


5 French.^ 

6 Haddan. 

7 Scott. 

8 Iiancaster, most liable. 


Tor projectiles of the same weight, the same diameter, and fired with the 
same charge, the strain upon the gun may be assumed to vary directly as 
the sine of the angle of rifling^ but will be in a certain degree dependent also 
on the amount of friction between the surfaces in contact \ thus, it is least 
for copper rubbing on iron, and greatest for one iron substance rubbing 
on another. The relative order will be copper, zinc, lead, iron. 


^ The gua rifled on the French system burst subsequently to the date of this Eeport, on the 
lith April, 1863, at the 107th round. 
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Tlie angles of rifling, and bearings of the different systems, are as 
follows : — « 


Table VIL 



One turn 
in calibres. 


! 

Sine of 
angle. 

] 

' 1 

Approximate area of j 

Hame, 

Angle. 

Bearing. 

Bearing 

1 surface. 

Guiding 

edges. 

Jelfery ......... 

120 

0 / 

1 30 

•0262 

Lead 

1 sq. in. ,j 

1 26*2 

sq. in. 

21 

Britten 

90 

2 0 

•0349 i 

Lead 

20-0 

1*0 

Bcott 

90 

2 0 

•0349 ' 

Zinc 

19*5 

3-9 

French 

# 



Zinc 

4*7 

0*6 

Lancaster 

56 

3 13 

i *0561 1 

Iron 

375 

0*0 

Haddan 

47 

3 49 

1 *0666 

Ii*on 

8-4 

1*0 

Lynall Thomas 

32 

: 5 17 

1 *0921 

Lead 

34-6 

1*9 

Shunt...... 

28 

6 24 

I *1115 

Zinc 

7*7 

2*4 

1 


The spiral of the French gun is increasing, beginning with 0 at the seat 
of the shot, and ending with 2 ^ 53^ at the muzzle. 

With the foregoing we must, however, take into consideration any special 
feature in the form of the projectile, or the mode by which rotation is 
impressed upon it, by which friction is augmented, or the maximum strain 
prolonged. Sir Jeffery'^s projectiles differ from Mr Britten^s in having a 
considerable cup at the base, which is expanded by the gas, and must, by 
the pressure of the side against the bore, augment the friction. In Mr 
Tjancasteris system, the major-axis of the ellipse, when the projectile begins 
to rotate, has a tendency to overrun the spiral of the gun, and to pinch, or 
act as a wedge to burst it. The area of bearing surfaces in the above Table 
is the area of so much of the lead as is upset or expanded into the grooves 
in Brittetf s and Jeffery^s systems; of the zinc patches, zinc ribs, or other 
projections, in the other systems ; and the area of the guiding edges is the 
area of such a length of the sides of the grooves as is at each moment in 
contact with these patches or projections. In the oval bore, where the 
bearings are 3*75 inches long, it is assumed that from compression of the 
ellipse there is actual contact for a width of half an inch at each extremity 
of the major-axis. It appears to show generally that the French shot got 
through the bore with the least resistance of friction, Mr Haddaii^s being 
second in order. The Committee, however, prefer the facts furnished by the 
bursting of guns, to any conclusions based on mechanical considerations, 
which involve many uncertainties, and many discordant elements. These 
facts are, 9 cast-iron guns have been rifled on Mr Britten^s system, only one 
has exhibited a want of endurance. A gun of 18-pr. bore (5*29 inches), in 
32-pr. block, No. 9087, burst on 5th April, 3 860, at the 53rd round. It 
was firing a shot of 34 lbs., with a charge of 6*5 lbs., and Mr Britten has 
shown that, under the circumstances, the strain was more than double that 
of his competitive system. 

(2) The competitive gun. No. 8658, has stood 1286 service rounds.f 


t Since increased to 14!86 rounds. 
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(S) The 56 cwt. S2-pr,j, No. 24 (A.); riied in May 1856^, lias stood 845 
rounds. 

(;i) Tlie 58 cwt. 32-pr.^ No. 2339 (Walker^s^ Min. 3087)^ especially rifled^ 
to be tested for endurance^ resisted to the 54tli round (Min. 6363), viz. : — 


Charge, 5*5 lbs. j 10 rounds, shot, 48 lbs, 
10 „ 


10 

10 

10 

10 

4 


72 
96 ;; 
115 „ 
140 „ 
165 „ 


64 Burst 26th March, 1862. 


(5) Another 58 cwt. 32-pr., No. 8541, Lou^moor (Min. 6885), similarly 
rifled, resisted to the 57th round, viz. 


Charge, 5'6 lbs.; 10 rounds, shot, 48 lbs. 

,, 10 „ 72 „ 

j> 10 „ 96 „ 

10 „ 120 „ ‘ 

10 „ 144 „ 

„ „ 163 „ 

67 Burst 18th June, 1862. 


(C) A 95 cwt. 68-pr., No. 6095 (Walker^s, Min, 6489), especially rifled, 
to be tested for endurance, resisted to the 60th round, viz. : — 


Charge, 7|lbs.; 10 rounds, shot, 90 lbs. 
,j 10 ,, 13o ,, 

„ 10 „ 180 „ 

it S3 22o „ 


Charge, 7^ lbs. ; 10 rounds, shot, 270 lbs. 

33 ^0 ,, 315 „ 

60 Burst l7th April, 1862. 


(7) Another 95 cwt. 68-pr., No. 6439 (Lowmoor, Mins. IfH), similarly 
rifled, resisted to the 60th round, and remains apparently serviceable, as there 
is no appearance of fissures round the vent."^ 

(S) A third 6S-pr., No. 8282, has fired 300 service rounds, charge 
generally 7*5 lbs., projectile 87 lbs., and is uninjured. 

(9) A fourth 68-pr. block, with 32-pr. bore. No. 1348 (Min. 6490), 
has fired 110 rounds. 


16 . Melative acctmcy,- 
trials was — 

Fiest Teiai. 


-The order of accuracy in the two competitive 


Haddan. 

Britten. 


Jeffery. 

Scott. 

Xancaster. 

Thomas. 


Secoifi) Tetae. 


French system. 
Shunt. 

Jeffery, 

Haddan. 


Britten. 

Xancaster. 


The tore of the 32-pr. bemg 17 calibres long, these guns may be best 
compared with the naval or shorter Armstrong 40-pT., the bore of which is 
17‘7 calibres long. The Committee subjoin the results obtained with two 
guns of this description, upon occasions of experimental trial. The relative 
charge is greater than that of any of the competitors for rifling cast-iron guns, 
except Mr Haddan and Commander Scott. 


^ jSTo. 6439 subsequently fired 10 rounds, cylhaders 369 lbs. | 10 rounds, cylinders 402*76 lbs,, and 
burst the 81st round with a cylinder of 450 lbs# Minutes 7054r-74o0. 
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Table YIII. 

ABBEETIATED EEOAPITTJEATIOH OP EESTJLTS IN’ TABLES 1. AST) n POT? 
COMPAEISOISr OP ACCLEACT, AHEAIirGED ACCOEDISTG TO* EELATIYP 
JIAGSfITUDE OP THE CHAEGE USED. ELLATIVE 


jN'ame of 
competitor and 
munber of gun. 


Short; 40-pr,, of 
original pattern - 
Min. 4)316. 

Short side breech- f 
loading. 4f0-pr. 


Min. 7634). 


Prench system 


Shunt . 


Bate. 


June 17, 1861 


Britten 


..I 


Jeifery.. 


Lancaster 


Lynall Thomas 


r 


Haddan 


Scott 


|Oct. 10* 1862 

' w ■ . 

iSept, 24,1861 

.April 9, 1862 
'Sept. 25, 1861' 

April 9* 1862 
Sept. 26, 1862! 

April 9, 1862 
Sept. 24, 1861 
Sept. 25, 1861 

Sept. 26, 1861 

Sept 27, 1881 
16, 1859] 

Aug. 2, 1861 


May 18, 1864 
Aug. 2, 1861 

Jan. 21, 1864 
Sept 24^ 1861 


Feb. 23, 18001 

July 24^ 1860 
July 25, 1860 
;Aug. 2, 1861 
Aug. 3,1861 
Aug. 6,1861 
Oct. 23, 1860| 

Aug. %1861 


Charge. 

G 

F 


•123 

•124 

•123 

•124 

•123 

•124 

•123 

•123 

•123 

•085 


•098 


*099 


•115 


•118 


•124 


•128 


•140 


10 
2 
5 

10 
2 
2 
2 
5 
5: 
151 Si 
■7110 


Mean 
differ- 
ence of 
range. 


vds. 
950| 
982: 
1950| 
19771 
10|3413, 
’34231 
1067j 
l2030! 
13330 
8761 
873 
827i 
1721 
1730 
1672 
. 13014 
511012963 


45] 

■7 

8 

6 

9 

7 

5 
|23 

19 
15 
15 
12 
18 
15 
15j 
15 
12 
|20 

20 

6 

8 
6 
9 
7 

610 
120 5 
6 5 


10i2891 
972 
934 
1940 
1952 
10j3331 
10|3222| 
1850] 
13117 : 
912 
1898 
3396 
1886 
131291 
1072 
[2156 
13624 
2096 
3410| 
1175| 
1137 
12136 
21281 
3466| 
[3333 
1916] 
1933, 
Il5|l0l3375 


20 

14 lOi 

1.15 ■•2| 

14 
12 lOj 
11 5 
810. 
9 


2034| 

|3228i 

980| 

2137 

3503| 

1975 

31361 

1129 


yds. 

16-5 

13-0 

9-9 

16- 4 
33*3 

18- 9 
11*5 
19*2 
43-8 

17- 9 

19- 0 
24-2 
50*8 
28*9 
45*6 
51*7 
39*0 
84-6 
25'9 
16*2 
63-0 
38-7 
50-3 
42-0 
40*7 
61*7 
76-4 
73*1 
52-8 
57-6 
55-4 
26*7 
38*5 
31*3 
06*3 
80*3 
62*4 
61*3 
51*2 
67-2 
65*9 

172*6 

124-9 

70-0 

10o-8 

32-7 

36*6 

51*1 

65-9 

67-7 

37*5 

80*8 

19-7 


Mean 
rediieec 
defiec- 
' tion. 

Itectangle ", j 
containing half , 1 
i the shots. | 

Length. 

Width. 


" yds. 

yds. 

•53^ 

48*2 

1*9 

•69t 

38*0 

2*1 

1-03** 

29*0 

3*6 

•84t 

48*0 

2*5 

249* 

97*6 

'7*3' 

2-Olt 

56*7 

6*6 

•79* 

,32*2 

2*2 

1-36* 

"52*5 

3*8 

1-76* 

118*9 

4-9 

1*4 

64-8 

4*1 

2*4 

57*2 

6*2 

1‘55 

68*3 

3*3 

5*0 

160*9 

15*8 

3*2 

85-7 

6*3 

2*33 

128*7 

6*6 

6*1 

157*7 

18*8 

5*3 

12S*4 

8*3 

4*40 

238*9 

12*4 

M 

79*6 

3-3 

1*4 

48*5 

4-1 

2*5 

199*4 

8*0 

2*7 

114-7 ■■ 

8*0 

7*5 

154*8 

23*0 

4*3 

138*0 

14*1 

2-2 

112*1 

6*1 

4*6 

144*0 

12*9 

2'6 

216*0 

7*4 

3*5 

206*8 

9*8 

7*6 

151*0 

21*7 

3*0 

160*9 

8*4 

6*1 

164*0 

17-1 

1*8 

75*4 

5*0 

2*9 

108*9 

8*2 

7*6 

90*2 

21*8 

7*3 

184*1 

20*4 

10*5 

223*1 

26*1 

4*9 

:i6±*6 

15*6 

2*6 

161*7 

7*8 

6*8 

161*9 

31*5 

4*1 

169*8 

12*0 

9*5 

202*5 

29*2 

15*2 

568*8 

49*8 

6*8 

346*8 

17*1 

3*1 

230-8 

10*1 

15*8 

299*3 

44*6 

3*9 

90*7 

10*9 

5*1 

101*5 

14*7 

3*0 

165*6 

8*6 

7-0 ■ ■ 

200*4 

20*0 

9*2 

243*4 

26*4 

2*8 

108*7 

8*2 

7*6 

2^43*4 

23*0 

2*4 

68*5 

7*1 


^ Shot. 


t Common shells. 
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17. It is apparent that none of the cast-iron 32-pr. guns rifled,, approach 
the Armstrong naval 40-pr. in precision; hut the Committee consider that 
it would be too much to attribute this inferioiity altogether to the systems 
on which those guns were rifled. They have more than once pointed out^ 
that to compare systems of rifling properly, the guns must be of the same 
length, and both guns and projectiles be made with l^ual mechanical per- 
fection and finish. The former condition (equality of length) is in this 
instance answered, but not. the latter. Howwer, they are of opinion that 
these muzzle-loading guns, however made, would not have equalled the 
Armstrong breech-loader in uniformity or precision. It is remarkable that 
the gun rifled on the French system, which comes out very well in the com- 
parison, made rather better practice with a first supply of shells, which 
were without zinc facing to the bearing side of the patch, than with those 
which were subsequently made for the gun. 

18. ’Efficiency of projectile (Min. 5547). — ^llie relative efficiency of solid 
shot must be measured by the velocities given by equal charges. Mr Britten 
appears to have a decided advantage here over the other competitors. The 
same remark applies to common shells, but must be combined with a large 
capacity for the bursting charge. 

The actual bursting charges are as follows ; — 

Table IX. 


Name. 

Weight of shell, 
empty. 

Bursting 

charge. 

Belative weight of 
bursting charge 
of shell. 

Scott 

lbs. 

38*8 

lbs. oz. 

4 13 

•124 

Shunt ' 

50’5 ! 

6 

13 

*115 

French 

■ 1 

5 

5 

•090 

Lancaster 

45*8 

4 

7 

•076 

Britten 

46*9 

3 

7 

'073 

liaddan i 

51*1 

3 

a 

•065 

JetFery...... ! 

! 45*4 


*055 

. Lynall Thomas ....I 

55*3 

1 

5 

•025 


Commander ScotFs form is the most advantageous for a shell in respect to 
capacity, and Mr Lynall Thomases the least so ; considering that if cast-iron 
guns are rifled, they must be used with low charges, and will generally fire 
common shells, the Committee give precedence, in respect to the efficiency of 
the projectile, to Commander Scott. It will be observed that they have 
placed this merit third in rank, because insufficiency of velocity or of burst- 
ing charge cannot be alleged against any of the systems \ the capacity of the 
smallest shell is equal to that of the 8-in. common spherical shell, and the 
initial velocity of the wffiole is equal to that of the service rifled guns. 
Commander ScotFs projectiles have the further merit of being of convenient 
exterior form, easy to pile, but little liable to injury, and simple in manufac- 
ture, being only exceeded in this respect by Mr Haddan^s. Both require a 
touch of the planing tool on the bearings ; the latter requires nothing more, 
but Commander ScotFs bearings are previously zinced. On the other hand, 
both require to be used with a wad or sabot, which is much to be avoided. 
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19. Cost of projectiles,- — This has heeii stated in a preYioms paragraph. 
The quantity of lead on one of Mr Britten'^s shells is about 7 lbs. 12 oz. ; 
on one of Mr Jeffery^s considerably more, namely, 11 lbs. S oz. The adhe- 
sion of the lead is satisfactory in both plans, but Mr Britten^'s projectiles are 
the least susceptible of injury, the base being protected by the wooden disc, 
which expands the lead into the grooves. These projectiles do not require 
turning, which is required by Mr Lancaster's, or planing, which is required 
by Mr Haddan^s and Commander Scotfs; the two last are, however, on the 
whole, the least expensive of those tried, 

20. ddaptation for fifing round shot , — ^The system which is in itself best 
adapted for firing round shot is Mr Lancaster's ; but to judge by results with 
the 9-pr. oval bore 4v2-in. gun (p. 363), it is extremely inaccurate with them, 
so much so that they could not be used with any advantage at ranges beyond 
1000 yds. The Committee have found the shallow grooves of Britten and 
Jeffery, although perhaps somewhat more liable to injury, much more favour- 
able to tins practice ; they only affect the accuracy by increasing the space 
available for the escape of gas, which might, if necessary, be met by a small 
increase of charge ; generally, the plan which leaves the largest portion of 
the cylinder untouched, will be the best in this point of view, provided there 
is nothing in the form of groove peculiarly susceptible of injury from au iron 
shot. 

The following Table contains comparative practice in August 1861, with 
a smooth-bore 32-pr., and a shallow-grooved rifled gun (&itteifs), both 
firing round shot, with the service charge of 10 lbs. Elevation by spirit- 
level, and the guns 17 ft. above the plane. 


Table X. 


Min. 7302, 

I 

cw 

O 

S! 

rO 

.2 

i 

Banges, 

Mean difference 
of range. 

f ■ 

^ o 

Mean reduced 
deflection. 

■ .. . 1 

& 

P 

1 

Min. 

Max. 

Mean. 

S'-tf 

Smootli-bored 32-pr.... 

C20 

0 

■2 

// 

3-40 

yds. 

1027 

yds, 

1329 

yds. 

1146 

yds. 

51*7 

yds. 

8*1 

yds. 

2*6 

No. 10,297. 

|20 

5 

not 

1823 

■2222 

1994 

70*8 

9*8 

8*9 

Sliallow-jrrooved 32-pr. 

' C20 

2 

recorded 

3*59 

1063 

1260 

1172 

32*6 

7*8 

2*7 

No. 24. 

120 

5 

6*59 

1821 

1988 

1882 

24*9 

5*8 

5*8 


The result is decidedly in favour of the rifled gun. This is more than could 
be generally expected, but it makes it probable that little or no disadvantage 
would accrue from the grooving. 

The Committee have not tried it with any other system, but see nothing in 
the different forms of groove to make a material difference in their liability, 
or that of the lands between them, to receive injury. The sectional area of 
the bore of the 32-pr. gun is 3L92 square inches; the area of the section 
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of a shot of mean gauge is 29*91 square ineheS;, leaving a mean space for tlio 
escape of gas of 2*01 square inclies, or *063 of the area^ to which would be 
added, by the grooving under the different systems, the following quantities 
nearly ; — - 


Table XI. 


Hame 

of 

competitor. 

Added hy 
grooving. 

Total 

windage for 
round shot. 

Hame 

of 

competitor. 

Added hy 
grooving. 

Total 

windage for 
round shot. 

Lancaster ... 

sq. in. 
2*055 

4*96 

Jeffery 

sq. in, 

1*14 

3*15 

Haddan 

1*37 

3*38 

Britten ...... 

1-00 ! 

3*01 

French 

1*30 

3-37 

Shunt ...... 

•67 

■2'68 : 

Thomas 

1*26 

3*27 

Scott 

•53 

2*54 ' 


The great disadvantage of the oval bore in this particular is apparent at once 
it has, however, the merit of not being liable to any injury by the use of 
round shot. 


21. The Committee conceive that the imitation to certain gentlemen to 
compete against one another, to produce the best method of rifling cast-iron 
guns, renders it necessary that they should specify who has in their opinion 
been most successful, wliether his plan is or is not carried out. They have 
no hesitation in awarding the first place to Mr Bashley Britten, on the ground 
of the comparatively little strain on the gun, caused by projectiles on his 
system, with the moderate charge he advocates, as shown by the great 
endurance of a large number of guns rifled for him, and by the high initial 
velocity attained. In point of accuracy, this system appears to be on the 
whole equal to that of any other of the competitors, although occasionally 
liable to wild shots. It is inferior to the shunt mode of rifling, and to the 
Trench system. 

22. Tlie Committee reject Mr Jeffery^s system, considering the form of 
rifling as inferior to Mr Britten's, and because this gun, and several -others 
rifled on the same system, have shown a want of endurance. 

The competitive rifled 32-pr., No. 8160, burst at the 363rd round. 
(Exptl Xo. 92). 

A gun of 24<-pr. bore, in 56-pr. block, rifled in 1856, burst in 29 rounds, 
with charge of 13*5 lbs., shell 53*5 lbs. 

Three of the guns of small calibre, rifled in dS-pr. blocks by order of 
Major-General Peel in 1859, have burst; although, like the 56-pr., of extra- 
ordinary weight in comparison with their calibre, viz : — 

Ko. 94, 6*375 in. calibre, twist tfo- , burst Stb February, 1862 (Min. 6234), at tlie 40th round ; 
charge, 8 lbs. 

Ho. 95, 5-in. calibre, twist burst 1st August, 1862 (Min. 7186), at 121st round j charge, 
5 lbs. 4 oz. Fhis was originally a 3-m. gun, then bored up to 4 in., and subsequently to 
5 in. 

Ho. 96, 6'375 in. calibre, twist sV, burst 6th May, 1862 (Min. 6131), at the 20th round; 
charge, 8 lbs. 
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These gms were of EBtried mixtures^ and therefore possibly of inferior 
strength to gnns made of mixtnres of established character. 

The Committee reject Mr Jeffery^sprojectiles^ as requiring about one-fourth 
more lead than Mr Britten^s^ and holding less powder. The mode of attach- 
ment is less simple. They conceive the cavity at the end to be unnecessary 
and to be injurious, causing additional friction of the rear of the shot against 
the bore. They are also more susceptible of injury, not having the protection 
of a disc of wood at the base. 

23. The Committee reject Mr Haddan^s system, considering the proposed 
projectile much too heavy, and the proposed charge too large. It is also a 
disadvantage that it requires a wad or sabot, which, in the form last used, 
was a disc of hardwood, weighing 1 lb. 5 oz., and would in practice be much 
objected to. The gun burst at the 215 th round. 

24, The Committee reject Commander Scott^s system, because both guns 
showed a great want of endurance, and made indifferent practice. No. 9029 
burst after 78 rounds; No. 9127 after 309 rounds; and they consider that 
there is a tendency of the shot to override the grooves. Commander Scott 
has contended that the guns were originally badly bored and were badly rifled. 
The Committee, on full inquiry, believe that there is no sufficient ground for 
this complaint; but, if well founded, it tends to show that this system 
requires greater nicety than other systems, which is a disadvantage in a 
proposal to convert smooth-bored guns. The necessity of using a wad is 
also a disadvantage. Much stress is laid by Commander Scott on an alleged 
straightness of ricochet peculiar to his projectiles. The Committee do not 
consider this property to be one of much importance, if even an advantage 
in this respect could be clearly established. The ricochet of rifled projectiles 
on land or water will always be too irregular to allow the second graze to be 
relied on for any service. 

25, The Committee reject Mr Lancaster's gun for its irregular practice 
and inferiority for firing spherical projectiles. The fact that the gun 
No. 9050 has stood 2000 service rounds is, so far as it goes, highly favour- 
able to the system in point of endurance; but it may be, and as the 
Committee believe is, chiefly attributable to the accident of a block of very 
exceptional quality having been oval-bored. It cannot be accepted as at all 
comparable to the evidence aflTorded by the endurance of 7 out of 8 blocks 
rifled for Britten^s projectiles. A ninth has not been sufficiently tested to 
give evidence either way. 

26. It remains to answer a question of much greater public importance 
than the relative success of different competitors, in their endeavours to 
meet the requirement of the Secretary of State ; namely, whether any of 
their plans, or of the others tried with them, are suitable for adoption, and 
whether it is desirable to introduce cast-iron rifled guns for land or sea 
service. The Committee must avow a considerable mistrust of cast-iron of 
the quality turned out by English foundries, as material for rifled cannon, 
except with such restrictions as to charge as would limit them to the uses 

[von. m.] ' BM " 
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of howitzers. There is proof that cast-iron gnus occasionally possess 
ample strength. This is evidenced by the Lowmoor gmij oval-bored for 
Mr Lancaster, having resisted EO 00 service rounds, and by Mr Britten^s 
having stood 1486 (1st April, 186B)j but the ordinary inequality of endu- 
rance, which causes some cast-iron smooth-bored guns to be condemned 
much earlier than others;, must attach to the material in any form, and in 
rifled guns would produce a greater number of failures, and failures at an 
earlier stage, in proportion to the greater strain upon them. 

The Committee have had no opportunity of trying guns made of charcoal- 
iron. They have very little confidence in proposals to strengthen cast-iron 
by external envelopes of steel or wrought-iron. Tlie process of gradual 
destruction commences with small fissures round the vent; and when 
these have proceeded to a certain extent, the entry of the gas at an 
enormous pressure tends to rend the metal as if by a wedge. 'No 
external envelop will prevent this action : its only advantage here seems to 
be to make the effect less destructive. The external envelop adds to the 
strength of the cast-iron gun to resist a strain, when there are no fissures 
and no rending action; but tliis is not the ordinary cause of guns bursting. 
Guns condemned as unserviceable are almost invariably condemned for the 
state of the metal round the vent, and explosions must be generally attributed 
to that cause, Mr Britten has shown that when his gun of 5'E9-in. bore, in 
a BE-pr. block, was burst, it was under a strain exceeding that in the SE-pr. 
rifled gun, in the ratio of 940 tons to 416 tons (Min. 5547) ; and by the 
same method of comparison it may be shown that the relative strain under 
the different systems, measured by the average pressure as far as the trunnions, 
multiplied into tlie resistance, or weight moved per square inch of section, 
w^asas follows: — 


Table XII. 


Kame. 

Eelatiye 

strain. 

Bounds 

fired. 

Eemarks. 

Britten 

620 

1486 

Not burst. 

JeiEFery 

708 

363 

Burst. 

Scott 

720 

309 

Burst. 

Lancaster 

787 

2000 

Not burst. 

Shunt 

798 

327 

Burst. 

French 

923 

104 

Not burst. 

Haddan 

1171 

... 215 ■■ i 

1 

Burst. 


Thep appears to he no good reason why the projectiles should be heavier, or 
fired with a heavier charge, under one system than under another : the material 
fact is, that Mr Jeffery's gun, Commander Scott's, Mr TIaddan's, the Trench, 
and the shunt gun, burst at a stage out of all proportion earlier than the 
apparent excess of strain on them would warrant. It will be observed, how- 
ever, that Mr Britten's results are obtained at a cost of much less strain on 
the gun than those of either of the other plans, and the Committee believe 
that if circumstances of urgency warrant the rifling of cast-iron, it may be 
done on this system with less risk than on any other they are at present 
acquainted with. They trust that no such urgency will arise, and that so 
precarious a material will not come into use for rifled artillery. 
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27. Sucli guns, ■would, liowever, if made, be perhaps capable of firing 
round shot, common shell, slirapnel shell, grape or case shot, with a reduc- 
tion of the present service charge;* and apparently with little or no loss of 
accuracy. They would fire an elongated common shell, containing three 
times the bursting charge of the round shell, and weighing twice as much, 
with half the service charge, or perhaps less; but attaining ranges exceeding 
those of the service round shot, and possessing much greater precision. For 
those artillery services in which low charges are necessarily employed, — such 
as enfilading short fronts, dismounting ordnance behind traverses, or breach- 
ing sunken defences, — ^they would probably equal wrought-iron ordnance. 

28. It will have been observed in the perusal of the preceding Eeport that 
the elements of rifling are at least six in number, and admit of endless com- 
binations. The form of the bore; tbe form of the grooves; the number of 
grooves ; the twist ; the proportion of the weight of the shot to that of a round 
shot of the same calibre, or, in other words, the calibre for a given weight of 
projectile and the weight of projectile for a given calibre; the nature and 
arrangement of the studs, ribs, or other agency, by which the projectile is 
made to receive its rotation from the grooving. To which may be added, 
as very materially affecting the result, the length of the gun, the weight of 
the gun, and the proportionate charge. It is exceedingly desirable to secure 
comparable results, by placing certain practical restrictions on those who 
bring forward rifled guns for trial, to determine, for example, the natures or 
classes to which the guns are to be referred; such as field guns, garrison 
guns, naval broadside guns, naval pivot guns, naval cupola guns, or guns to 
be mounted on turn-tables in any position, guns for coast defences, &c. : to 
assign a limit of weight and length not to be exceeded, and perhaps also — 
although this is less frequently called for— a weight which must be given for 
the sake of the carriage : to assign the caMbres, the limits of weight for the 
projectiles proper to either class, and the maximum charge to be allowed. 
These would be restrictions of the liberty hitherto extended to inventors, but 
they would in time secure a valuable body of results. Under the present 
system, as exemplified by the trial now reported, the Government, in its 
desire to leave individual talent full scope for its exertion, scarcely exercises 
control enough to secure public objects. ^ 

J. St GEORGE, Brigadier-General, 

President. 


* The reduction of the 32-pr. charge from 10 Ihs. to 8 lbs. only reduces the velocity from 
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APPENDICES. 


APPENDIX, No. I. 


[ 1 ] Wae Opkce, 

26tii August, 1859. 

SlE; 

I am directed by Mr Secretary Herbert to transmit, for the information 
of tbe Ordnance Select Committee, a copy of a letter wliicli has been ad- 
dressed to Mr Britten on the subject of experiments with his projectiles and 
system of rifling. I am also to enclose the programme referred to, wdiich I 
am to request may be followed, should the Committee see no objection. 

I am Sir, &c., 

The Secretary, (Signed) K. BACON. 

Ordnance Select Committee, 

Woolwich, 


[ 2 3 Was Ofpice, 

26th August, 1859, 

SlE, , . 

I am directed by Mr Secretary Herbert to acknowledge the receipt of 
your letter of the 16th instant, and in reply to request that you will forw^ard 
to Shoeburyness the ten shells wdiich you have prepared for a preliminary 
trial, notifying to the Secretary to the Ordnance Select Committee at Wool- 
wich that you have done so, and requesting that a day may be named for the 
experiment. The programme you have prepared has been forwarded to the 
Committee, with directions to adhere to it, should they see no objection, 

I am further to state that Mr Herbert considers that fifty projectiles will 
be sufficient for the proposed competitive trials of different plans of rifling, 
I am therefore to request that you will proceed with their manufacture at a 
cost not exceeding £75 (seventy-five pounds), reporting to this office wffien 
they are ready for delivery. 

I am to take this opportunity of enclosing a copy of the Eeport of practice 
made with twenty of your projectiles in May last, the request which was 
contained in a former letter from you w^as accidentally overlooked. 

I am, Sir, &c. 

Mr Bashley Britten, (Signed) J. E, GODLEY. 

Sydenham Hill, Kent, S. 

P,S. I am to request that you will furnish at once an estimate of the 
probable cost of rifling the 3S-pr. service gun, which you have undertaken 
to prepare for the experiment alluded to. 
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[33 

Programme proposed Mr B» BriMeft, 

Hie gtin to be fired at 10 degrees elevation. 

Allowance to be made for constant deflection cansed by tbe rifling, Tbe 
same amonnt for each round. 

Eange, deflection^ and time of flight, and recoil of gun to be noted. 
Charges of powder as follows 


Bound 3ITO. 1 ..... 

.... 6 lbs. 

Bound JJTo. 6 

.... 6 

lbs. 

2 

5 „ 

1 ■ ■ 7 ' 

.... 6 

5> 

3 


8 ..... 

..... 6 

J> 

4 ..... 

,, ' 

9 .... 

6 

3J 

5 ..... 

„ 

10 .... 

6 

33 


Mr Britten to be present. 


[ 4 ] 

■ Imtructions to the Superintendent of EwpermentSj SAoehurgness. 

Oejskaitcb Sei-bct Committee, 

8th rfovember, 1869. 

Programme of experimental practice to be carried on at Shoeburyness, with 
a 32-pr. iron gun, rifled as proposed by Mr Bashley Britten. 

Pifty projectiles are provided ; the accompanying Memorandum A, shows 
their weight and diameter. 


To be fired as follows : — 

(1) Ten rounds at such elevations, and with such charges as Mr Britten 
may deem desirable, with a view to ascertain the proper charge and correction 
of deflection. 


(3) Twenty rounds at 5^ elevation, with the charge Mr Britten may 
have determined upon, from result of the ten preliminary rounds, (This 
charge must not be altered). 

(3) Twenty rounds at 16° elevation, with same charge as at 5°. 

Note charge, elevation, recoil, time of flight, range, deflection, and facility 
in loading. 

The men to be placed in security. Beports in duplicate to this office as 
usual. 

The accompanying Memorandum B, shows the stores demanded for this 
experiment. 

The Committee will be present at this experiment. Due notice will be 
given of the day appointed. 

By order, 

(Signed) J. A. CAMPBELL, Lieut.-CoL R.A., 

Acting Secretary. 

The Superintendent and Commandant, 

Shoeburyness. 
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MEMOEANDTJM, 

8tli Dforcmber, 185£^, 

Stores demanded for experiments with a gun rifled by Mr Britten 
(Eequisition No. 875). 

Ordnance— Iron 32-pr. rifled by Mr Britten 1 

Carriage, Experimental, for ditto 1 

Cartridges, flannel, empty, 32-pr., 6 ibs 50 

Powder, B. G. W. A. lbs ...300 

Tubes, friction, copper 55 

Supplied by Mr Britten. 


Projectiles, compound elongated 
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Me NASMYTH’S GUN. 

EEEOET OE THE SHPEEINTETOENT EOYAL GUST EACTOEIES, OJT THE 
BUESTIKG OF 33-pb. No. 4475, AFTEE ITS CONFBESION INTO A BEBECH- 
BOADEE ON Me NASMYTH’S PIAN. 


EoTAi Girir FiOioEtBS, 

27tli September, 1859. 

SIE5 ^ ,,, 

The following is a Report of experimental practice with a 3E-pr. service 
gun (converted into a breech-loader agreeably to Mr Fasmyth^s plan)^ 
carried on at the proof butt, Plumstead Marshes, as per requisition of the 
Ordnance Select Committee, 15th September, 1859. 

The gnn selected for this experiment was made at the Lowmoor Works, 
and supplied by Mr Hood. 

” 

Weight 58 cwt. 3 qrs. 

Length 9 feet 6 inches. 

Calibre 6'37o inches. 

Cast 26th April, 1859. - 

Proved 1st June, with the following charges, viz.— 

Powder, 1 cartridge ............................. 21| lbs. 

Shot solid, ■weight 32 „ 

Wads, junk 2 

After firing two rounds with the above charges, the gun was searched, 
water-proved, and declared serviceable. 

Under the directions of Mr Nasmyth, this gun was fitted in the Royal 
Gun Factories Department with a screw breech plug, worked by a 5 ft. lever. 

The plug is made of wrought^iron from best selected scrap; it is 1 El- 
inches in its entire length, 9| inches of which is screwed with a V thread, 
rounded at the top and bottom, which fits into a corresponding length 
prepared for it in the gun. 

The angle of the side of the thread=:60‘^. Pitch of the thread -I inch. 

The point of the plug is cylindrical (diameter 6*8 inches), terminating in 
a frustrum of a cone (slant height f inch) which fits into a recess made for 
it ill the bore of the gun. 

Diameter of plug at the breech end=8T inches. 

Exterior diameter of thread next the chamber = 8 inches. 

The screw is therefore slightly tapering, wliich facilitates its insertion and 
removal. 

A tapering hexagonal hole is slotted out of the breech plug, into which is 
inserted a corresponding vSolid pin of wrought-iron, terminating in a knob. 
Through this knob the lever is passed for working the screw. 

Weight of screw, 133 lbs. ; 
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The gun was tested for endurance, as per programme received on the 15th 
instant. The following shows the results : — 

19tli September, 1859* 

Tired ten rounds^ loading throngb the breech, the screw piece thoroughly 
cleaned and oiled after each round, No indication of gas escaping was 
perceptible outside the screw, but the threads inside were discoloured by the 
gas to the extent of from 6 to 10 inches along its length. 

Tlie position of the screw was accurately determined before firing and 
immediately after, but not the slightest displacement was observed during 
the experiment, showing that the strength and pitch of the screw were 
w^ell adapted for the purpose. 

In firing the first five rounds, the screw was difficult to remove, owing, 
perhaps, to a slight compression of the threads ; at the tenth round it 
became so firmly fixed that no mechanical appliance at hand could start it. 
The lever was bent at right angles by the force exerted. In this state the 
gun was left for some time. 

20tb September. 

To remove the breech, experienced workmen were employed, and succeeded 
in doing so after four hours labour with sledge hammers, &c. 

The apparent cause of the screw becoming fixed was a thick coating of 
solid residuum from the fired gunpowder, and on its being cleaned and oiled, 
worked easily in the succeeding ten rounds. 

To test the effect of fouling'*^ on the screw, two rounds were fired with- 
out cleanings the increased friction required an extra power of two men to 
overcome it, namely six men instead of four. 

At the l4th round fissures appeared at the joint in the bottom of the bore, 
and gradually increased at every round. 

In firing ten rounds this day with cylinders equal to two shot, no further 
indication of gas escaping was observed than that already detailed. 

21st September. 

Commenced firing with cylinders equal to three shots. Tinding the black 
deposit on the screw-piece easily removed by water, this was used in the 
remainder of the experiment and oil discontinued. 

The lever worked easily, and the time of loading reduced one- third, namely 
from fifteen to ten minutes. 

The gun burst in the 7th round of this day^s practice, or the 27th of the 
experiment. 

Impressions of the vent and the bottom of the bore were taken after every 
10th round, but no alteration in the condition of either was observable. 

The general features of the fractured gun may here be stated. 

Chase broken off close behind the trunnions; remainder of the gun split 
into three segments, parallel with the bore, the top line of separation through 
the vent. 

Portions of the breech broken off at the 1st and 2nd threads. 

The screw breech was found in rear very little damaged. 

The fragments of tbe gun have been ^ put together, and are now in the 
museum of the Royal Gun Tactories for inspection, if required. 
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Table of Results. 



(Signed) J. W. Haultain, Capt.-Instructor, E.6.E 

For Supermtendent. 


The Secretary, 

Ordnance Select Committee, 



^ , 
CO 

• Q rni 


Charge, 


Cylinders 

recovered. 

Penc- 

Mean t? 

' ' *r\ ' * 

li 

1 






JJ&tBt 

Powder. 

Shot or 
cylinders. 

Wads. 

Whole. 

Brohen, 

tration. 

ji,emarj£S. 

recon. 


j 

lbs. 

1 32-pr. 
shot 




ft. 

ft. 

loth Sept, 1859 

10 

10 { 

}V 

6 

4 

8 


20fcli „ „ 

10 

10 { 

1 cylinder 
=64 lbs. 


9 

1 

10 

9k 

21st „ j, 

7 

10 1 

1 cylinder 
=96 lbs. 


4 

3 

10 

f Burst this 

1 round. 


[voL, III.] 
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APPENDIX No. Ill 


TABLE SHOWmO THE EESELTS OE MECHAMCAL TESTS APPLIED TO 
SAAIPLES OE LOWMOOE CAST-IEOK. 


Medianical 

test. 

IBs. per 
square in. 


Ordnance. 


Eemarks, 


JTature. 


13-in. mortsET 6,903 29,270 7*251 

,, 6,938 29,571 7*235 

„ 6,958 29,726 7-234 

„ „ 6,959 29,307 7*232 Used on board the “ Bocket ” in 

,, ,, 6,344 29,231 7,4*25 7*170 tbe Baltic, 1865. Had lead run 

,, ,, 7,047 29,947 7,865 7*223 into a cavity at bottom of bore, 

„ „ 6,438 28,628 6,910 7*250 

68.pr. ffun 7,366 29,766 11,448 7*253 

„ 7,369 30,662 11,478 7*194 

* „ „ 7,370 28,703 11,883 7*211 

12-pr. bore in 32-pr. block 1 26,454 7,773 7*2l7 Bifled on Mr WhitwortVs prin- 

ciple. Burst at practice, at 

Means.,..., 29,206 9,254 7*225 Snoeburyness. 

^43 32-pr. gun 11,000 29,4*21 29,000 Burst in proof. Min. 6207. 

26,218 

,, „ .,11,130 25,163 27,084 Tested to destruction, Min. 6554. 

27,322 

„ „ 11,133 27,800 27,084 Burst in proof. Min. 6207. 

27,498 

7860 Mr Haddan’s gun, 32-pr. 8,640 27,414 28,200 Tested to destruction, Min. 7071. 

30,211 

27,842 

1460 6*5-m, booped gun 9,258 29,096 „ „ Min. 1004. 

31,673 

30,285 

„ 7’0-in. booped gun 9,420 28,963 „ „ Min. 1119. 

27,104 

30,508 

„ 7’5-m. booped gun 9,363 28,246 „ „ Min. 1119. 

28,515 

. 29,366 : , . .■ 

5483 70-pt. cylinder bqoped ... 30,813 29,600 „ Min.6234. 

Bo 128 

„ 32-pr. booped gun 26’368 27,000 ,, Min, 6234. 

fjva.,'.':":', ;■ ... "i 26,884 

7869 70.pr. „ 9,342 29,608 26,800 „ Min. 6350. 

27,122 

„ 32-pr. „ 428 27,443 26,400 „ Min.7024 

25,616 

7861 68-pr.unstrengtbenedgun 8,544 21,999 27,800 „ „ Min. 7450. 

27,800 

w « 8,641 30,060 27,900 „ „ Min. 6886. 

2^ Qgg 

680X 68-pr. hooped gun 29^2 S9,000 „ Min. 6416. 

29,683 

28,261 27.m 
; 28,601 27,969 
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APPENDIX, No, IV. 

BEPOET ON ME WHITWOBTH’S SYSTEM OP EIPEINa 

' Comiaittee Minute, "ESTo, 4388 — 15^. 

Eeport, No. 170S. 

Subject. — ^IS^Ir Whitwortli’s system of muzzle-loading rifled cannon, 

80 

With reference to W. 0, letter of 8th June 1861, requesting the Committee 

445 

to report as soon as possible whether they consider Mr Whitworth's system of rifling 
as the best suited for muzzle-loading guns. 


Committee^ B Report* 

loth July, 1861. 

1. In replying to Lord Herbert's question, wdiether the Committee con- 
sidered Mr ’Wliitwmrtl/s system as the best suited for rifling muzzle-loading 
guns, the Committee think it necessary to point out that they have as yet 
had little or no experience of this system with common or shrapnel shells, 
and but little experience of it in any way bearing on the present enquiry, for 
out of fifteen muzzle-loading rifled guns, which have been made on this 
system, seven are in brass blocks of field caKbres, to wdiicli it is supposed 
that the question does not refer. 

The following is a list of the muzzle-loading Whitworth guns ; — • 

A. — ^Beass Guns. 

Bounds recorded. 


A. 1. — 5-pr. in 6-pr. block, 1858, 3-pr. calibre 40 

A. 2. — 9-pr. in 9-pr. block, 1858, 6-pr. caUbre S18 

A. 3. — ^9-pr, in 12-pr. block, 1857, 12-pr. calibre 37 

A. 4.-“32-pr. in 24-pr. howitzer block, 1856, 12-pr, calibre, shells 23, 36, 48 lbs. 18 

A. 5. — 12-pr. in 9-pr. block, 1861, 3-in. calibre 140 

A. 6, 7, do., not yet tried by the Ordnance Select Committee ... 0 

A, 8. — ^70-pr. in 95-cwt. block, 1861, not yet tjied,... 0 


B. — Oast-ibon Guns. 

B. 1. — BS-pr. of 6Scwt.; calibre, weight of shot, 32| lbs. ; charge, 
6 to 9lbs. ; one turn in 6 ft. 8 in.; burst bn the llth May, 1858, at Shoe- 
buryness, at the 7th round, with 9 lbs, charge, at 15° elevation. 

B. 2. — S2-pr. of 63 cwi. ; calibre, ; weight of shot, 32 lbs. ; one turn 
in 6ft, Sin.; burst at Shoeburyness on Srd December, 1858, at the 14th 
round, with 5 lbs. charge, at 10° elevation. 

B. 3. — 68-pr. of 95cwi ; calibre, shot, 68 lbs.; charge, 10 to 
12 lbs. ; one turn in 8 ft. 4 in.; burst a;t Portsmouth, Sth October, 1858, at 
the Sth round. The shot from this gun pierced a 4-in. plate of homogeneous 
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iron on H*M.S. Alfred^ at 420 yds.^ with 12 lbs* charge^ penetrating also 
9-m. oak backing* ^ 


C. — ^^V’nOUGHT-IEON OR HoMOGEXEOUS-IEOJ^ GuNS. 


■-Experimentab No. 105. Homogeneous-iron hooped 70-pr* of 
calibre; shot, 70 lbs. ; one turn in 8 ft. 4 in, A crack appeared 


a L- 

70cwt.; ™ 

ate proof on the 22ni April, 1861, running along one of the angles for a 
ength of 3 ft., and ran through the female screw of the breech plug, so as 
to permit water to be easily forced through. (See Eeport;, No. 1630— 


B 80 

20 l-W) 


417 


The proof charge was 18 lbs. ; the gun had fired- 


2 rounds 5 lbs. charsre, 

a : 9 ^ :: 


1 rounds 12 lbs. cbarfre, 

2 „ .. 18 „ „ 

= 10 rounds. 


C. 2 . Expeninental, No. 102. Fellow gun to the last, and subjected to 
the same proof, which it has passed without apparent injury; but the Com- 
mittee have not yet been in a position to carry into eftect Lord' Herberts 

instructions of the 25th March, 1861, 'W with reference to an experimental 
trial of it. 

of g™ to the two last, hut described 

as of wrought-iron. To be reported upon by the Admiralty; but not yet 


ready for issue — w . 


C. 4. Experimental, No. 107. — Similar to the last; not yet delivered 
and no instructions received by the Committee respecting its futare trials. ’ 

2. In addition to the above, there is a class of breech-loading guns 
which are expressly recommended as equally available as muzzle-loaders and 
wkch may be considered in the latter capacity on the present occadon 

D l.-Experimental, No. 104. Breech-loading 80-pr.; 5:^ calibre- 

Ite gun&ed about 40 rounds at Southport, with charges of 12 atid A Iho 
previous to its purchase by the War Office ^ 

. After prwf at Woolwich with 24 lbs. charge, on 22nd November 1860 

round, ad^geS 

is not oonadarf "o ™a jf sSwe ’ nf 

opFrtmnt, of Jalingli. ”bSl M, wSorthSiS 

anV.h^° to?onl^®i3“w “i t»™do. 
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D* 2. — ^Experimental, No. 91 (1861). l£-pr. breecli-loading gun, of 
calibre; weight, 9 cwt. 3 qrs. 

This gun has fired 144 rounds of sliot, Mr Whitw^orth has been authorized 
to supply shells, for which the Committee are waiting. 

3. It mil be seen from the foregoing statement, that the evidence before 
the Committee is unfavourable to the safety of Mr Wliitworth^s system, as 
applied to either cast-iron or homogeneous-iron guns of large size, and it will 
be evident from a consideration of the system itself, that it must throw an 
extraordinary strain on the gun. 

4. The peculiarities of this system consist in — 

(a) Polygonal rifling ; 

{&) Small calibre, or somewhat more elongated projectiles than 
usual; 

{e) Very rapid twist; 

{d) Extremely perfect finish, and mechanical nicety of fit in the 
projectile. 

The Committee are not aware of any mechanical superiority of the poly- 
gonal system of rifling over other systems, supposing them all to be executed 
with equal precision. It has the disadvantage of presenting six lines of 
reduced strength along the whole length of the bore, against which a violent 
rending action is exerted by an unyielding projectile. The absence of wind- 
age in the guns first made, and the extreme precision of fit attained, rendered 
the operation of loading also a difficult one, the projectile being very apt to 
stick in the bdre; this has been partially remedied in the guns of later 
manufacture, by an alteration in the form of grooving; the sides of the 
polygon are now no longer plane, but the precision of the gun appears 
still to depend very much upon closeness of fit, which the Committee 
Consider that it would be difficult to maintain. Iron projectiles cannot be 
guarded entirely from rust ; the bearing surfaces would require to be cleaned 
and painted from time to time. If originally planed and finished with the 
nicety hitherto applied to them, they would be liable to vary in diameter by 
the effect of rusting, scraping, and painting, so that some of them would 
probably not go home in the bore. If not so finished, but left with a 
moderately easy fit, calculated to allow for these contingencies, the gun 
forfeits one of its principal claims to superiority. 

5. A small calibre, or preference for elongated projectiles, may be called 
another distinguishing feature of Mr Whitwortli^s rifled-cannon system, 
although in this respect the difference is not so great between Ms projectiles 
and the Armstrong projectiles, as it is between his rifle bullet and the Enfield 
bullet. His 12-pr. shot are 3*4 calibres in length, Sir Wm. Armstrong's 
being only 2*3 calibres long. The average of nine sorts of hollow shot 
and shells gives a length of 3 calibres, and some of them are as long as 
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4 calibres. No Armstrong commoii sliell is 3 calibres long; their average 
length is £*8 calibres. This construction generally gives a greater strain on 
the gun, by the increased length of column to be moved by the elastic force 
of the gas, and the reduced area of the base on which the gas acts. 

It is not the best form for common or shrapnel shells, but is favourable to 
the penetrating powers of the shot, and Mr Whitworth has in consequence 
attained considerable success in one instance against a 4i-inch iron plate, 
which was absolutely penetrated by a 68-pr. bolt of diameter, at 420 
yards. 

The Committee are not prepared to say that the superior penetrating 
power of the shot is an advantage for general service which would counter- 
balance any decided loss of relative efficiency, in the common shrapnel shells, 
should such be hereafter substantiated ; but it is undoubtedly a property not 
to be lost sight of. 

6. A rapid spiral is the proper accompaniment of a great length of pro- 
jectile. It is not in itself an advantage, but the reverse, bringing a greater 
strain on the gun, and augmenting the chance of the shot sticking in 
loading; but it is conducive to accuracy, and is an important part of the 
system advocated by Mr Whitworth, although not peculiarly his own.* 

7. Mechanical nicety of finish.— Mr Whitworth^s European reputation as 
a machinist has naturaUy led to a successful endeavour on his part to attain 
a great degree of perfection of finish in his guns and projectiles, but the 
Oommittee believe that the Armstrong breech-loading guns and projectiles 
are equally highly finished ; and as regards muzzle-loaders, the machinery 
now in the Eoyal Gun Factories (which originally owes much of its 
perfection to Mr Whitworth's mechanical discoveries) 'is capable of turning 
out guns of any system that may be adopted with equal nicety if required. 
This feature, therefore, if any stress is laid upon it by Mr MTiitworth, 
furnishes no reason for preferring the polygonal system to any other for 
muzzle-loading rifled guns. 

8. It remains to be stated whether the range and accnracy of the Whit- 
worth system is superior to other muzzle-loading rifle systems. It will be 
seen that the Committee have had but little experience of guns assimilating 
to those which are required for garrison and naval service. Eange and 
accuracy in rifled guns depend materially upon length ; this is strikingly 
evidenced, as to range, by the diflerence between Mr Whitworth's muzzle- 
loading and breech-loading 12-prs.; the latter is 36^ inches, or 12J calibres 
longer than the former, and with the same charge, has a range exceeding the 
other by 250 yds. at 2®, by about 270 yards at 5®, and by about 450 yds. 
at 10^. The corresponding deflections reduced to a mean line, and 
corresponding errors of range, are — 


Sofc baek as 1791, expernueats wem made at -Woolmcli by Lieui-Oeneral Parker, mtb 
S-grooTed rifles of 'Cl diameter, and l.tum in SO incbes and 30 incbes. Pbe regulation rifle of the 
period bad 1 turn in 1^ incbes. The bab was spherical. 
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Breecfi-loading. 

Muzzle-loading. 

Elevation. 

Bange. 

Bifierence 
of range. 

Befiection. 

Elevation. 

Kange. 

Bifference, 
of range. 

Befiection, 

O' ■ 

vds. 

yds. 

yds. 

o 

yds. 

yds. 

yds. 

2 

1289 

29 

•76- 

2 

1031 

18 

•63 

5 

2471 

95 

•64 

6 

2200* 

24* 

2-16* 

10 

4400 

26 

2-92 

10 

3950 

64t 

6*90t 


^ Mean lietweett 3® and 7®. 

f Means fot 9®, l?rene fired at 5° or 10®, for wHeli the ranges are interpolated. 


Before, tlierefore^ the ‘Whitworth polygonal system can be accurately com- 
pared with other systems of rifling muzzle-loading guns, those systems should 
first be represented by guns of equal mechanical perfection, and both by 
guns of the same length, or at least of that length which is finally adopted 
for the corresponding guns of each system. Nevertheless the Committee 
feel warranted in expressing their impression that no muzzle-loading rifle 
gun they have tried has exceeded Mr Whitworth^s in range and accuracy. 

9. The foregoing statements show how far the Committee are from any 
grounds for giving an affirmative answer to the question, whether Mr Whit- 
w’orth^s system of rifling is the best for muzzle-loading guns. Tlie qualities 
of range and accuracy appear as yet to be attained at the cost of extraordi- 
nary strain upon the gun, unfitting it for use wdth cast or even homogeneous 
iron; of a somewhat disadvantageous form of projectile for common and 
shrapnel shells ; and of an expensive construction of gun ; and the Com- 
mittee are not prepared to say that they are worth all this. At all events, 
looking to the financial and other consequences of a false step, they think it 
impossible to recommend this system for adoption on the strength of their 
present experience of it. 

(Signed) J. StGEOEGE, 

President. 
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APPENDIX, No. V. 

EEPOETS ON EEPLING CAST-IRON GUNS, 


Committee Minute, No. 942 — 20^. ’ 

Report, No. 762. 

Subject. — The endming power of cast-iron hooped 
rifling such guns. 

With reference to W.O. letter, 8th March, 1860, X ai 


Wien notified to 
Committee. 


Gun reported 
ready. 




Mr B. Britten 
ICjr B. Tiomasi ... 
MrJ. 0. Haddan 

Mr Jfasmyti 

Mr'X«iciister ... 

Mr 16^017 

Mr Wlntworth 


August 26, 1869 
,, M, 1869 
^ „ 19, 1869 

July 27, 1859 
August 17,1869 

I)eeember27, 1869 

August 24 1869 


October 19,1859 
» 1 , 1869 

Marcbi 16, 1860 
Wifclxdrawn. 
February 17, 1860 

,, 22, 1860 

Ifoi yet reported. 


IS’oyember 16, 1859 
« 15, 1859 

JNot yet made. 

Mai'ch 22, 1860 

r Trial waits completion of 
< experiments with Mr 
(. cT effery^s other guns. 


In the ^ of Mr Haddan* and Mr Lancastert, the 
ready until some time after the gun. Some time 

• UeoeiTe^ Isa AprB, 186a 

keeper. 18th April, 1860. Sent to Shoebur; 

f Mr not yet 


to Principal Military Store- 
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after they are ready, to weigh and gauge them, return them for issue, and 
transmit them to Shoeburpiess, 

It will be seen that some of the modes of rifling selected by the Secretary 
of State for this competitive trial, have not been tried to this day. Nor is 
there one instance in which the advocate or inventor of a system has pre- 
sented himself to the Committee with his gun and projectiles in a state of 
readiness for a direct and final trial; each gentleman, as yet, has required a 
number of preliminary experiments to furnish himself with data on which to 
base his final arrangements. 

The Committee are far from imputing blame to them for this, it being 
next to impossible to determine many of the minor details, on wiiicb the 
success of each method depends, wn'thout such experiments ; but it will be 
seen tliat as every step necessitates some delay and some correspondence, the 
progress of the Committee must be retarded thereby. 

3. In addition to the foregoing competitive trials, Mr Haddan has been 
allowed to rifle a second 32-pr. gun, in a manner slightly different from the 
competitive gun, wiiich is untried. Commander Scott, E.N., has been 
allowed to rifle a 32-pr. service gun on a method of his own, and at his 
owm expense, the trial of wiiich is incomplete ; and there is a 68-pr, gun 
now being rifled on a plan by Mr Parrott, of New^ York; but this last is 
principally a trial of the metal or block. 

4. The Committee do not suppose it to be the wish of the Secretary of State 
that a final conclusion should be arrived at so long as any of the systems 
ordered by him to be tried are untried ; their present experience has led 
them to entertain a favourable opinion of the method of Mr Britten ; and 
while they doubt wiietlier unhooped guns, cast in iron of the quality hitherto 
used for gun founding, as such as the existing service smooth-bored guns 
are made of, can be employed wuth confidence for rifled guns, even in blocks 
of more than the service w’-eight, they entertain a hope that Mr B. Britten^s 
mode may be hereafter applied wdth advantage to service muzzle-loading 
guns strengthened with iron hoops, should no better method be brought to 
light. 

The ranges obtained by this gentleman are as follows : — 

(1) 15th Sept. 1859, with a rifled service 32-pr., of 56 cw^t., charge, 6 lbs., 
projectile weighing 49 lbs., 10® of elevation, a mean range of 3595 yds. ; being 
about 800 yds. more than the range of the same gun unrifled, at the same 
elevation, with 10 lbs. charge, and a projectile weighing only 82 lbs. The 
deflections were regular and the ranges imiform within satisfactory limits. 

(2) With a rifled service 32-pr. of 68 cwt., projectile weighing 51 lbs., 10® 
of elevation, a mean range of 8236 yds, ; being about 450 yards beyond the 
range of the same gun unrified, with 10 lbs. Or with a charge reduced to 
5 lbs., and a projectile weighing 49 1 lbs., a mean range of 8107 yds.; being 
about 800 yds. more than the same gun unrifled with 10 lbs. The necessity 
of greatly reducing the charge undoubtedly detracts from the apparent 
advantage of rifling cast-iron guns, as regards range ; but there remains an 
actual and considerable gain, even in this respect; and when the greatly 

<3 o [yoL, HI.] 


356 


MINUTES OE PEOCEEDINGS OF 


increased accuracy and uniformity of tlie practice is considered, and the 
greater weight of the projectile thrown, the real gain by rifling ^vill be seen to 
be very considerable. 

Mr B. Brittei/s other guns are rifled in blocks of extra weighty and there- 
fore need not be here alluded to, except to say, that the method of rifling 
and the system of projectiles has been so far successful in them also, as to 
warrant the preceding remark — ^^That it is a system which at present appears 
susceptible of practical application, although the Committee still hope a 
better may be fouiid/^ 

5, The Committee are inclined even to believe that Mr Britten^s method 
will be found to strain the gun less than the shunting plan, understood to 
have been provisionally adopted by order of the Secretary of State. 

6. Respecting this latter system, the experience of the Committee is at 
present limited to the following facts : — 

(1) A shunt gun, uiihooped. No. 8616, of 5*25'' calibre, burst at the 40th 
round, at Shoeburyness, 14tk October, 1859. 

(2) A shunt gun, hooped, No. 9185, of 6*50" calibre, burst at the 4th 
round, on 6th February, 1860. 

(3) A shunt gun, hooped, of 6*50" calibre, No. 13, with extra ring, burst 
at the 12th round, on 18th April, 1860. 

(4) A shunt gun, unhooped, No. 8639, of 6*5" calibre, has lired 327 rounds, 
and is still serviceable. 

(5) A shunt gim, imhooped. No. 8399, of 6*5" calibre, has fired 43 rounds, 
and is still serviceable, 

(6) A shunt gun, hooped. No. 8267, of 8*3" calibre, is under preliminary 
tiial, and had fired 31 rounds on 31st March. 

(7) Tive shunt guns, hooped, as under, have been assigned to the Committee 
for experiment, and three have been received, one of which has an extra 
cylinder. 

It is proposed to test them to destruction, when the views of the inventor 
as to the best method of doing so have been ascertained. 

Two of 6‘5" calibre. 

Two of 6‘6" calibre, extra cylinder. 

One of 7*0''' calibre. 

It will be seen that these facts aie neither of a character, nor in themselves 
sufficient, to warrant the Committee in recommending as yet the adoption of 
the shunt mode of rifling. 

■ ; 7. The Committee think it right also to call the attention of the Secretary 
of Stete to the fact,^ that there is as yet little proof that the method of 
hooping cast-iron cylinders, as actually employed in the Boyal Gun Factories, 
is adequate to give them the necessary strength to stand being rifled. Out 
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of six rifled guns thus hooped, three hate already burst, three more hooped 
guns, not rifled, have also been burst in the course of experiments to test 
their endurance, and one, at least, of them did not exhibit any remarkable 
endurance, viz. the 6*5-m. gun. 

(8) 10-in. gun, No. 5071, burst at the 39th round, on 28th November, 
1859, being the 9tlx with a cylinder equal to four solid round shot and 20 lbs, 
charge. 

(9) 68-pr., No. 8973, burst at 51st round, being the 1st with a cylinder 
equal to six round shot ; charge, 16 lbs. 

These two guns were hooped in a manner somewhat different from the one 
now employed. 

(10) A 6*5“in. gun, No. 13, 97i cwt., hooped, but not rifled, burst on 
18th April, 1860, at the 36th round, with a cylinder equal to four round shot, 
and 16 lbs. ciiai’ge. 

8. It is very possible that improvements may be made upon the method 
of strengthening, or upon the preparation of the block for receiving the 
cylinders or hoops employed; but at present there appear to be difficulties 
which call for the utmost caution, looking to the almost incalculable conse- 
quences of the bursting of even a few guns on board ship or in garrison, 
with such effects as generally attend these occurrences. 

The discouragement to the morale of Her Majesty^s fleet or troops might 
almost equal that of a series of defeats. 

9. The Committee think it probable that service 82-prs., of 56 cwt., 
58 cwt., or 64 cwt., the calibres of which are a little less than if turned 
down externally to cylinders behind the trunnions, and then strengthened 
with hoops, would be found stronger than guns cast to the requisite dimensions 
and hooped, as is now the practice ; and they request that one gun of each 
of these natures may be thus prepared and tested to destruction, in com- 
parison with the ordinary hooped guns now about to be tested, The estimate 
for tliis service is £525, 

10. The Committee also recommend that a standard gun of 6*5'^ bore be 
cast and rifled in gun metal (brass), and subjected to experiment to ascertain 
the power of this metal to resist the action of the shot. 

The first cost of such a gun will be £712; but the value of the metal, 
when returned for re- melting, will be about £350; making the actual 
expense of the gun about £462. Such a gun, being free from danger of 
bursting, will be of frequent use, and the ranges given by it will be available 
for forming Tables of Practice for the iron guns, if they are generally 
introduced. 

11. With reference to the concluding part of the W. O. Memorandum of 
17^%, the Committee will gladly avail themselves of the offer of the Secretary 
of State to give them the services of one or more Artillery Officers, to assist 
in bringing these present inquiries into the best form of muzzle-loading 



ummMB oi’ 'Feoceebings of 


rifled gxrns to a conclusion; and will submit the names of Ofiicers whom they 
consider likely to render valuable, assistance when they are prepared for them ; 
but at the present stage of the inquiry they do not feel that they could be 
materially aided by such services. 

. (Signed) J. St GEORGE; 

President. 


Committee Minute, No. 163^ — 

Report, No. 956. 

Subject — Mr B. Britten*s mode of rifling guns. 

With reference to Sections 4 and 5 of Committee’s Report, No. 762 
25th April, 1860. 


19t1i July, I860. 

1. The Committee felt justified in expressing a favourable opinion of 
Mr B. Britteiris system of rifling service guns in their Report No. 762 ; and 
although the competitive guns of Messrs Jeflery and Lancaster are untried; 
while that of Mr Haddan is still under trial; they consider that a further step 
may be prudently taken with Mr Britteii'^s, to gain time ; and in the possibility; 
if not probability, that this system, or a modification of it, may come into 
use. 

2. With this view they request permission to test the endurance of the 
three rifled service guns, viz. — 

A. 32-pr. of 66 cwfc., has fired 77 rounds, 

No.l. 32-pr. of68 „ „ S28 „ 

68-pr.of95 „ „ 130 „ 

by continuing the practice with each until it has fired 300 rounds (the 
smallest number they consider capable of furnishing presumptive proof of 
a serviceable degree of strength). The number of rounds each has fired is 
marked above, Mr Britten has furnished an estimate of the expense of 
re-coating ninety-seven 8-in. shells, now in hand, and making up the number 
of the others, which amount is £859. 5^. The ammunition, and other stores 
requisite, will amount to £90. 125. Total, £449. 175. 

3. The Committee, however, do not consider that the three guns, whether 
they succeed or not in standing that number of rounds, can be safely taken 
as a criterion of the rest of the guns in store, and request permission to take 
two more 32-prs. of 68 cwt.;.aud two more 68-prs. of 95 cwt., indiscriminately 
from store, or from the first deliveries, one to be of Hood’s, and the other of 
Walker’s manufacture, to have them rifled in the same way, and to test them 
to destruction. The expense of this will be as follows 

' 1 / ' ■ , • , £ s. d. 

valwof|^ 3S3 7 0 

OT idfimg .V.i.Jil,.,,,.* 79 0 0 

r,;'; Est^ated expense of ammimitiioJi ,aiid stores, 30 roimds per guxt 26 12 6f 

I ' ■ ' Total ^613 19 6# 
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CoBsicIerable as these evstimates may appear, the Committee are persuaded 
that the importance of every possible precaution before introducing riiied 
cast-iron guns, is such, that the experiments cannot be dispensed with ; and 
that it is only by these or similar steps, that the question can be advanced to 
a practical solution. 

Should there be no Walker^s guns on hand, or in delivery, the Committee 
suggest that they may be supplied by boring up one S2-pr. and one IS-pr. 
of the experimental guns of those calibres, bored in 68-pr. and 32-pr. blocks 
respective^, which are now in the Eoyal Arsenal, and are understood to have 
been intended for some departmental experiment on the shunt mode of 
rifling in 1858 or 1859, 

(Signed) J. St GEOEGE, 

President. 


[33 

Cominittee Minute, ISTo, 8937 — 8^. 

Eeport, No. 1640. 

Subject — Eified cast-iron service guns, 

■ 7Q 

With reference to W. 0. letter of 36th March, 1861, b . 

804 


Committee^ s Report. 

Srd dime, 1861. 

The Committee have given full and anxious consideration to the question 
referred to them by Lord Herbert, viz. to what service they would 
recommend the application of Mr B. Britten^s rifled 33-pr. guns, designated 
No. 1 and A, in case they should stand the 1000 rounds, for which sanction 
was given in the letter from the War Office, dated 7th December, 1860, 

79 

B , Of these rounds, only 300 have, at present, been fired by each gun, 

304 

although shells have been delivered for firing 250 rounds more (500 shells). 

As it is taken for granted that a cast-iron rifled gun, which has fired 
1000 rounds, could not be issued for service, the Committee suppose the 
question put to them to be — Eor what services do they recommend the 
issue of cast-iron rifled guns, supposing the particular guns in question 
to have given this proof of endurance.'’^ 

2. In answering this question, the Committee assume that the intrinsic 
superiority of wrought-iron guns, as manufactured by Sir William Arm- 
strong, over cast-iron guns, is a fact which will be universally admitted. 

The almost immeasurable superiority of the former over the latter in point 
of strength and endurance has been placed beyond dispute ; and, although 
more liable perhaps to total destructmn by the effect of a blow from an 
enemy^s shot, this is a contingency of small practical moment j the general 
effect of any direct blow being to make a cast-iron gun also unserviceable, as 
is " 


tuliy evHicea by bb cast-iron guns aisabiea in tne siege ot bebastopoi. 

The question then appears to turn chiefly on first cost, and facility of 
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8* TVith regard to cost. A smooth-bored 82-pr. gun of cast-iron costs, 
by contract, about £68, rifling will add less than £1 to this amount. An 
Armstrong 40-pr., which may be treated as the rifled equivalent of the 32-pr., 
costs at present £360. The difference is indeed considerable; but it must 
be remembered that the 40-pr. is believed to be practically indestructible by 
mere use; at ail events, these guns will probably stand many thousand 
rounds. 

The^ duration of a cast-iron gun, even in a smooth-bored state, is much 
more limited ; and these guns, when rifled, and firing elongated projectiles, 
will be exposed to a strain which will make it prudent, until their strength 
is well established, to restrict their employment to what may be considered a 
safe and moderate limit, however much the charge may be reduced ; conse- 
quently, a wrought-iron gun may be expected to outlast several of them, and 
thus, in fact, diminish the relative cost; although it must apparently still be 
against wrought-iron. 

4. But a consideration of equal, or possibly greater importance, is the 
facility of supply. Cast-iron guns exist in vast numbers, and many of them 
are doubtless as fit for rifling as if they were newly cast for the purpose. 
They could be procured from the usual contractors in numbers with great 
rapidity, and at a small advance, on what they now cost in a smooth-bored 
state. The question is—" Does so urgent a demand exist for heavy rifled 
guns as to make it expedient to draw upon this source, instead of waiting: 
until wrought-iron guns can take their place 

The reply must turn principally on considerations which are beyond the 
cognizance of the Committee. 

knowledge of the powers of manufacture of 
either Woolwich or Elswiek, the probable requirements of the navy the 
probable requirements of fortresses and coast defences, or the sum of money 
which IS likely to be at the disposal of the War Minister annually for their 
production ; consequently, they can only submit an opinion upon this point 
with great deference. ^ 

^ That opinion, however, is, that it is not ai present worth while to rifle cast- 
iron guns on a large scale^ for the following reasons. 

5. It is understood that the Admiralty do not as yet intend to introduce 
nfled guns into ships of war in a larger proportion than 1 to 9 smooth- 

borea guns. If so, 500 or 600 will meet the naval demand, exclusive of the 
necessary reserve. 

It IS supposed that, taking fortresses and coast defences all round, the 
total proportion of nfled guns required for them at present will not be much 
larger than this; because, while there are many smaller works which, from 
their position and importance, may require to be armed with a larger number 
?K if extended positions, like Portsmouth or Plymouth at homf 
or like Gibrdto and Mdta abroad, where the total number of guns mounted 
IS w large that one-tenth nfied would probably be in excess of the place for 
to special ^m; and others, for which a smooth-bored armament may 
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On the whole^ the Committee feel warranted in assuming that if there are 
altogether twelve or fourteen hundred heavy rifled guns in due proportion of 
40-prs., 70-prs., and lOO-prs., available in the course of three or four years, 
the immediate requirements of the two services will be satisfied, and thk the 
country may safely leave its further wnnts to the ordinary course of supply. 
It appears that, up to the present date, only sixty-sis: 100-prs. and one 
hundred and thirty-iiiiie 40-prs, are issued, or ready for issue ; but the Com- 
mittee are informed that, by the 31st March, 1862, there will be four hundred 
and eighty-seven 100-prs., and five hundred 40-prs., if present orders are 
carried out. This will come near to make good the whole immediate demand ; 
and one or two years at the same rate of production will complete the supply, 
more especially if, as the Committee are informed, three hundred muzzle- 
loading wrought-iroii 100-pr. guns are to he made in the current year, in 
addition to the four hundred and eighty-seven breecli-loaders. 

If are granted, it would not appear worthwhile to introduce 

a new species of rifled ordnance requiring special projectiles, to ^ serve so 
temporary a purpose as the supply ad interim, 

6, It is believed that, when Lord Herbert, in the month of August, 1859, 
called upon a number of gentlemen in civil life — engineers and others — to 
endeavour to find the means of converting the service cast-iron guns into 
rifled guns, they all believed and represented themselves capable of doing 
this, on their several systems, in an effective manner without delay ; and the 
question referred to the Committee was simply to decide which of the systems 
was the best. 

In their Eeport, "No, 762, of 25th April, 1860, the Committee entered 
into some explanation of the delay experienced in bringing the compe- 
tition of these guns to a close. A year has since elapsed, during which the 
inquiry has been advanced by the completion of 300 rounds by two of the 
systems, but it is not yet finished. 

The Committee thought it right to wind up the comparative trials by a 
match of all the guns against one another under similar conditions. 

A demand was made for the necessary projectiles on the 8th Tebruary, 
1861, and they have not yet been furnished, chiefly, as it is believed, owing 
to the desire of some of the competitors to make farther alterations and 
improvements of detail in them. 

Guided by this experience, and by that of the Armstrong equipment, the 
Committee do not suppose that when choice of a system has been made, the 
guns and projectiles will be available for issue for many months, reducing 
the period for which they might have value as a temporary exjpedient to 
narrow limits, 

7, On the other hand, the Committee are aware, that the difficulties of 
dealing with wrought-iron in large masses are not yet entirely overcome; 
that muzzle-loading rifled guns, such as the service guns will be, if rifled, are 
likely to be preferred in some situations to breech-loaders ; and that economy 
and facility of supply, if combined with a good degree of efficiency, must 
constitute advantages not to be lightly overlooked. 

On these grounds, however great the absolute superiority of wrought-iron, 
when perfect, over cast-iron, they consider that the hope of at least being 
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atle to rifle the latter, should it become necessary, had better not be 
abandoned. 

They coiisider more especially that the time and labour devoted bv each of 
the competitors to the perfecting of his own system requires that a" decision 
should be come to as to their relative merits, and also that the present 
opportunity should be taken for setting at rest the question whether the 
materia.1 itself is capable of standing the strain put upon it when heavy 
prqiectiles are fired. ^ 

The only way to satisfy these ends is to conclude the competitive trial, and 
attenvards to fire all the guns with their proper service charge and proieetile 
until they burst. If so many as seven 33-prs., rifled on different svstems, all 
exhibit a satisfactory degree of endurance, by standing 1000 or more rounds 
no hesitation need be felt in rifling cast-iron guns, should the demand 
increase beyond the power of supply iu wrought-iron. Should even a few of 
em do so, and their strength be referable to any special principles of 
construction or system of projectile, a definite result will have been obtained 
by the whole enquiry ; but to stop it at this moment will be to throw away 
fnture day* grounds for re-opening the question at a 

8. The Committee then request authority to conclude the trial of 
endmance of Mr Britten s guns, towards which 500 rounds have already 
been supplied, and after the conclusion of the competitive trial, for which 
they are now waiting, to extend the same trial to all of the others, for the 
express purpose of ascertaining more conclusively than has yet been done, 
what <»st-irqn guns, rifled, will stand, when firing their proper service 
proj^tiles with service charges, as rifled guns, and aho, whethCT systems 
which involve lead coatings have a superiority in respect to endurance 
which at all corresponds to the extra cost of the projectile ’’ 

fn If® to be 1000 rounds, 'and the projectiles 

be made in the Eoyal Laboratory, the expense will be about £3-500 for 
stores, and added to the expenditure already incurred, or authorized in 

Governm;nt will hav? paid 
exclusive of any premium or reward it may be 
thought right to give to one or more of the competitors ^ 

S ® *e question both in a military and a financial 

“ot think this an extravagant outlay. It is 
almost all m powder and shot. Under no circumstance could moral 

teS?edlflLuUonr ®I’a^^®teJ 


(Signed) 


J. St. GEOEGE, 

President. 
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Comiiiittee Minute, No. 7612— 20|-|. 

Eeport, No. 2518. 

Subject. — The Lancaster oval-bored system of riding as applicable to brass 0-pr. 
SHiootli-bored guns. JT 

With reference to W.O, letter of 30th January, 1862, Jl, and former Eepoit, 
No. 20M, of 23rd December, 1861. 


Commitiee^s Beport, Oct. ISO‘2. 

The Committee have to report that the trial of a single oval-bored bra.ss 
9-pr. to the extent of 200 rounds, against a service-gun of the same calibre, 
took place in J line last; and they have lately been enabled to complete their 
Report on the subject by receiving the Report of the Inspector of Artillery 
on the state of the guns, which is as follows : — 

Smooth-bored 9-pr., No. 853; Eardley-Wilmot, maker, 1859 ; weight, 
13 cwt. 1 qr. 25 lbs. ; after iiring 200 rounds — 

*"Rore smooth, but slightly grazed by shot, and dented at 58 inches from 
muzzle; dent *025 inch deep; vent true.” 

Oval-bored 9-pr., No. 839 ; Eardley-Wilmot, maker, 1859; rided 1862; 
weight, 13 cwt. 1 qr. ; after firing 200 rounds seiwiee 9-pr. round shot — 

“ Bore smooth, but grazed by shot ; the graze being along the minor-axis, 
and produced by the bearing of the shot. There is also a dent at 10 inches 
from the bottom of the hove, or rather in front of the seat of the sliot, 
caused apparently by the shot when taking up the riding. Vent true.” 

2. It appears from the above that there is a slight hut perceptible w'ear 
produced on the oval-bored brass gun in 200 rounds. This effect would 
'doubtless have been greater, from their longer bearing and greater weight, if 
elongated shells of 15 lbs. had been fired, and iiidicates a limited durability 
in guns of this description, as compared with wroiiglit-iron guns, 

3. In respect to precision as a rifled gun, the Committee showed in their 
last Report, No. 2044, that the oval-bored 16-pr, (9-pr. calibre) w*as inferior 
in this respect to both the Armstrong and Whitworth guns : the present 
comparison has had reference only to its suitiibility for firing round shot. It 
will be seen by the accompanying abstract that inaccurate as is the smootli- 
bored 9-pr., compared with a rifled gun, it is far more accurate than the same 
gun firing spherical shot wLen oval-bored. 

Comparing the results up to 1000 yds. range, at which distance alone 
w^ould the round shot have any considerable advantage in point of velocity, 
the means are : — 




Mean of 4 differences 



IWean of 

of range. 

Mean of 4 
reduced 
defiection. 

Hature. 

4f ranges. 

y<is. 

In ierms 
of range. 


Oval bore, firing round sliofc ... 

yds. 

683*5 

66*9 

*113 

3*05 

Smooth bore, jfiring round shot . 

614-7 

38*8 

*003 

1*95 


[yol. III.] 
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The round shot from the oval bore on 78 rounds has a mean ranwe 
31-2 yds. less than that of the smooth bore^ and a mean irregularity of range 
28T yds. greater; or, referred to terms of the whole range, as 118 to 63 
The mean deflection (each being referred to the mean direction of all the 
shots) is one-third greater. These results show that any advantage gained 
by the relatively high velocity of round shot from these oval-bored guns as 
^amst elongated solid shot, would be more than made up for by their very 
inferior precision. j j 

_ 4. _ The Committee stated in their former Eeport general reasons which 
m them opmion, made it inexpedient to adopt Mr Lancaster’s proposition! 
ihey are confirmed in the conclusion by the present result, and do not 
recommend any further experiment. 


(Signed) J. St GEOEGE, 

President. 
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APPENDIX, No. VI. 

AEBAIfOEMEITTS EOS THE COKCLXTDErG OEITEEAE TELii OE THE 
COMPETITIVE 33-pb. GAST-IEOST SEEVIOB EIEIED ©FITS. 


August: and September, 1861 . 

1st, The guns will he mounted in the order : — • 

38^0.8658 ISTo. 9050.....«.,, Xancasfcer, 

8460 Jeffery. 6843,. Shunt. 

9127 Scott. 9130......... French. 

8640 Haddan. 7138. . . ... ... Service smooth-bore, 

2nd, All will be laid at one object, namely, a cross piece or target. 

At 1000 yds. for 2°. 

2000 „ 5°. 

3000 „ 10° 

3rd. The range serjeants, under direction of an officer, will ride in after 
every round, with a peg lettered : — • 

B., J,, S., H., &c., and 
ITumbered 1, 2, 3, 4, &ic. 


and instantly mark the graze. Uefer it carefully to mean line of range, and 
and plot down its place accordingly on ruled paper. 

Ill the subsequent comparison, each shot will be referred to its own mean 
line, and all the deflections reduced to 1000, 2000, and 3000 yds., as the 
case may be. 

4th. To prevent any mistake, a Eedl^s cone signal to be made, of the 
gun fired, by number. 

5th. All elevations will be absolute, i.e. above the horizon, and be given 
by the same quadrant, wdth the utmost care — as to its position in the bore of 
the gun, and by the same officer. 

The Committee will request the several inventors, if present, to leave the 
entire management in their hands, and to abstain from all interference in the 
service of the guns. 

6th. The guns all to be fired wdth the usual precautions against accident. 
The spectators and detachments to retire before each round, 

7th. All the shells will be fired plugged, but with full bursting charges 
in them. 

8th. Fifteen rounds will be fired from each gun at 2^ elevation, with the 
invento/s proposed service charge. 

9th. The same will be repeated at 5®, 

10th. The same will be repeated with 12 rounds at 10®. 

11th, Five rounds will be fired at 2 ^; fi.ve at 5®; and five at 10®, with 
charges of iVth the actual weight of the Med projectiles. 


866 


MINUTES OE PEOCEEEINGS OE 



12tli. There are some rounds to spare^ in the event of its being decided 
to ascertain the initial velocity of each projectile with Navez's electro- 
ballistic-apparatus, ■svhich will partly depend on the condition of the guns 
at the conclusion of the present trial. 

13th. The following Table contains the principal particulars of the 
projectiles to be employed in each system. 


Competitive Iieeed SS-pe. Guns. 

English Systems. Erench Hifling. 

CaKbre 6*375 inches 6*48 inches. 

Weight 63 cwt. 58cwt, 

Length 9 feet 6 inches 9 feet 6 inches, 

Length of bore 9 feet *6 inches 8 feet 9 inches. 


J. H. LETEOY, Bt.-Col., B.A., 

. Secretary, Ordnance Select Conunitfee, 


Bifimg. 

Names of 

competitors. i 

GrooTCs; Twist. 

1 

Service 
charge 
proposed by 
inventor. 

SheUs.—. 

Weight 

plugged. 

Mean weight of 15 

Biam. Length. 

rounds. 

Capacity 

powder. 

■ i 

I 

Special i 
charge 
al-th. 



ft. 

lbs. 

oz. 

lbs. oz. drs. 

in. 

in. 

lbs. oz. 

jhs. 

Britten 

5 

iV 

5 

0 

46 14 15 

6*24 

11*28 

3 7 

6*037 

, Jeffery 

7 


5 

8 

45 7 0 

6*26 

9*68 

2 8 

4'793 

Scott 

3 


6 

2 

38 12 14 

6-27 

11*91 

4 13 

4*361 

Haddan 

3 


7 

0 

61 16 

6*19 

12-02 

3 6 

5*446 

Lancaster ... 

Oval 


6 

0 

46 5 8 

f6*S8‘) 

ie*32i 

12’04'':":: 

;::;4;''7'^;: 

5*078 

Shnnt 

8 


5 

8 

60 8 10 

6*32 

15*08 

5 13 

6*635 


C 

Erom 0 to 







Erench, 

3 i 

! 4*6519 in 

>5 

8 

69 6 0 

6*36 

14*04 

5 5 

6*468 


1 

38*548" 

5 







* Service 

Smooth bore 

10 

0 

! 32 0 0* 

6*177 
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EEPORT 

OiT . ■ ■ 

BARON LEirS- GUN COTTON, 

By Peofessous Be EEDTENBACHIE; Be SCEROTTER, anb 
Be SGHMEIBE#. 

TO 

His Excellency EieM-Marslial Joliann EreilieiT Kempen you Ficliteiistamm, 
President of tEe Eoyal Imperial Commission on Gnn Cotton, June, 1863. 


This Eeport — sprinted by the British Association, at their Annual Meeting, Hewcastle-on-Tyne, 
1863 — is reprinted for the information of Members of the E.A. Institution. To which are added 
some comments, kindly furnished by F. A. Abel, Esq., F.E.S., Chemist to the War Department. 


[Note. — The interesting Eepoi*t of Professors Eedtenbaeher, Schrotter, and Sclinoider contains 
some statements and theoretical considerations which, if submitted to the members of the I1.A. 
Institution without comment, might pass for fully established facts and goneraliy adopted opinions, 
instead of being accepted only as views of the authors which are open to discussion, and, to confir- 
mation or disproval by the results of experimental research. A few observations, in the form, of 
notes, have therefore been appended to some parts of the Beport, which appear especially to 
challenge criticism. — F. A. A.] 

[COMMUNICATED BY THE SECEETABY, B.AJ.] 

In accordance with Your Excellency's wish, the undersigned submit the 
following opinion relative to the objections urged against the adoption of 
gun cotton for war purposes. 

Introduetimu 

It is not possible within the limits of the present Report to discuss all the 
various products which, since the discovery by Schoribcin, in 1846, of a 
method of chemical treatment whereby cotton might be rendered explosive, 
have been brought forward, examined, and applied, under the various names 
of *'‘^Guii Cotton,^'' Pyroxylin,"^ Eulmi-coton,^^ ^‘^Nitro cellulose,^^ &c., — 
or, at any rate, to do more than mention such as have been brought under 
our notice in the course of experiments performed by ns with Baron LeiiFs 
gun cotton. 


It sbould be stated tliat the full Official Beport, from wliich tlie preceding paper is 
taken, contained many additional Tables of Practice of fcbe several Guns under competition, also 
extra Plates in furtber illustration of the Boporfc. The Committee did not thirty it necessary to 
reproduce these Plates and Tables of Practice. — I. B. , 

[TOi. III.] II 
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It is true that gun cotton has frequently and by various persons been 
manufactured by modifications of one of the two following processes 
viz.: — : ' 

(1) By acting on cotton with mixtures of nitric and sulphuric acid. 

(2) By acting on cotton with mixtures of saltpetre and sulphuric acid. 

These two general processes have been so much varied in detail by 
different experiments, that the resulting specimens of gun cotton must 
necessanly have been most diverse in quality. Tlie variations of detail may 
be classified as follows, viz : ■ 


(1) Tariations as to strength of acids. 

(2) Variations as to the conditions of mingling the acids. 

(3) Variations as to duration of chemical action. 

(4) Variations as to temperature. 

^SSto^ * removal of free acid from the resulting gun 

These variable conditions being taken into consideration, it is no longer 
a matter of surprise that even the chemical composition of gun cotton has 
been differently stated by different authorities. Aecordin|y, whilst one 
.et of chemists, in explaining the rationale of action whereby ordinary cotton 
IS changed mto gun cotton, refer the change to a substitution of one 
equivalent of hypomtnc acid for three equivalents of hydrogen in the 

Ef four equivalents represent the 

hydrogen exchanged j and yet other chemists, five equivalents. In addition 
to these three defimte compounds, various analyses have testified to an 
infinity of secondary bodies, the result of mechanical mixtures. 

Unforeseen explosions of gun cotton occurring without any known cause 
^d assumed to have been the result either of spontaneous cZluSm 
or of some ummportant elevation of temperature, as up to 50° or 60° C have 
frequently been chronicled in the short histor^ of this substance wS 

Steen ^30° and 16?° G exploding temperattre 

Dttween lou and 160° 0.— another proof as to the variety of mater, 

operated upon on a small scale. The chief experiments r Native to ran 

cotton have been made by chemists upon small ^rtions, one pound bemt 

be comwSd^ot T “^7 

“ ,«■ ,‘i‘= wm® ii 



Chmical elangee imohed in the manufacture of Oun Cotton. 
unLgS'in tr '“t the changes which cotton 

tie, .e ,,.4 
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organic substance may undergo when treated as above will differ^ however^, 
according to circumstances. Even if, as a rule, we assume that for every 
equivalent of water displaced, an equivalent of nitric acid is appropriated — 
or, what amounts to the same thing, if the assumption be that every single 
equivalent of hyponitric acid exchanges with a corresponding equivalent of 
hydrogen — still, variations of result may be accounted for by reference 
to the modifying conditions already indicated. However, the general 
deduction may be arrived at, that the amount of hyponitric acid appropriated 
is directly as the amount of hydrogen lost. 

Possibly, the results obtained by chemists on the small scale, using small 
amounts of cotton and relatively large amounts of acid, may not be identical 
in composition with corresponding results of large-scale operations; time 
in both cases being constant. It may also be fairly assumed that certain 
portions of the original cotton may escape nitrification, wholly or partially. 
These suggestions tend to show the little value that can Justly be attached 
to past experience with gun cotton, if cited in reference to the specific gun 
cotton of Baron Lenk. 

MxpenmenU hy the French, 

S An extensive series of experiments with gun cotton must, however, not 
be passed over; the material having been produced commercially on a large 
scale, and the investigation moreover conducted by military and scientific 
authorities. A record of these experiments may be seen in Berthier^s 
Memoire de FArtillerie Paris, Bathelier, 1852. 

Immediately after the discovery of gun cotton in 1846, the Prench 
Minister appointed a Commission of inquiry relative to it. 

Por a period of six years this Commission prosecuted its investigations, 
and the results are printed in the pamphlet above-mentioned. 

These experiments were conducted on a large scale ; five tons of gmi 
cotton being manufactured. This Commission instituted the most searching 
inquiries relative to every possible ballistic and other military use to which 
gun cotton could be applied. No less than thirty tabulated digests resulted 
from the labours of this French Committee. 

Experiments so seemingly exhaustive might reasonably prompt the 
assumption that no point relative to gun cotton and its application had 
remained undetermined. It might seem that the subject of gun cotton wns 
definitively set aside after the decisive verdict which the following quotation 
records : — 

Dans Fetat actuel, il n’y a pas lieu de continuer les experiences au point 
de vue de leur emploi dans les armes de guerre.’'^ 

Perusal of the Report leaves no doubt either as to the pertinence of 
questions raised, or the intelligence manifested in the corresponding 
replies. 

The French neglected to ascertain the fyrue eomjmUion of the Cotton, 

4. One point, however, was lost sight of by the French Commission, 
namely, the precise composition of the gun cotton operated upon. On this 
point the Commissioners are silent: hence the question, tohetJier one mul 
the same chemical comiiownd formed the subject of every experiment in the 
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series, was never msed. The Eeport throughout is based on the assumption 
tliat Identical methods of treatment must yield identical results: that no 
analysis was required : that practice in firing suiqilied the tMma ratio; 
and lastly that the results of explosion were referable to chemical composition 
wholly and absolutely. Tlie first proposition is usually, but not imariably 
true, as every chemist knows. 

Minor circumstances frequently influence the result of chemical energy, 
though pnmary_ conditions remain unchanged. Ohemists sometimes, 

heeding these primary conditions only, imagine they have continued to 
do the same thing and to achieve the same result ; whereas different 
acts have been performed, and different results accomplished. This has 
happened in prosecuting the manufacture of gun cotton, up to the ex- 
pmments of Barcn Lenk. What take place during tie change of 

conditions, can be^thus 

expressed. Ihe cellulose (matter of cotton) may yield m successive 

replaced by liyponitric acid, according as the 

wtr n of action 

th™ thre?'&cTc^^'^^^ %drogen is removable more easffy than two, two 

be^mSp commonly prepared) 

be made up of variable mechanical mixtures, of every chemical result 

frthe^iw)latLr^r’^^*f“-T be stifl further extended 

Serfed r "Pon which no chemical action has been 

Ir»ohgan ooSTSdlSla 

Differemie heimen the French Gun Chiton and Baron LenFs. 

5. According to the method pursued by the French Commission thp 
raw cotton was immersed in the acid mixture for one hour. 

T' forty-eight hours in the acid bath. 

or » loHlh^lSf. “‘O' f»r oo W 

IheTrS rir 0^ oigbt weeks in a stream, 

ash ley rT siSn w-ashiiig, so much free acid left, that wood- 

per ir f*'’ y '»“g ‘I“‘ * fo 

different, it must nlmvnThlve hTd“? fff " 

Baronl^nk’s; henSflarTb.t i!f oomposition to that of 

withoal comMe reeave, be JepW JpS e3Sr““ 

, ^,aw,t i, lH.,Uro CtUui,st m myoml, omfoKi. 

b™. i^rrA": 
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not give np the gun cotton altogetlier ; and lie can only have been supported 
bj the conviction based upon a thoroughlj-grounded study of the entire 
process. 

Baron Leiik calls the Hirtenberg cotton (and with full right) his cotton^ 
as he prepares it by one constant, definite, and unvarying process. 

Baron Lenk takes the strongest preparation of acid, one part nitric acid 
to three parts sulphuric acid ; he impregnates a spun thread of cotton in 
a boiling solution of potash thorouglily, and leaves the acids to act cold 
upon the cotton during forty-eight hours. 

These details of manufacture are all important ; and the resulting cotton 
is also most convenient for the subsequent process of freeing from acid;, 
drying, and working up ; ivhilst during the time employed, the tlnee most 
easily removed hydrogen equivalents of the cellulose are completely replaced 
by hypoiiitric acid, and during this time the action takes place through the 
body of the cotton uniformly, so that no isolated portions are less azotized 
than others ; nor, if properly conducted, is any portion too highly azotized ; 
in fact, it can be demonstrated that the Austrian gun cotton contains three 
easily removed equivalents of hydrogen. 

Analysis, 

7. Amlysi8,—Tlm is demonstrated by the recorded analysis of the 
Austrian Imperial Engineers^ Committee, 1861 (Yol. I. Part i, p. 21), 
wherein it is shown that Lenk gun cotton is almost wholly composed of 
tri-nitro cellulose. 


ANALYSIS OE AUSTRIAN GUN COTTON, 

Laboratory of Engineers’ Committee, 1861. 


In 100 parts 

Tri-nitro Cellulose 

Ho. 


calculated. 






U 

Carbon ’ 

21-a 

25*1 

„ ‘S ■ 

Hydrogen.,... 

2*3 

3*0 

Q 


University Laboratory, 1863. 


Ho. 3. 

1850. 

Ho. 6. 

1860. 

Ho. 14. 1802. 

Di-nitro 

Celioiose. 

1 

2 

1 

2 

1 

, 2 

3 

' 24*4» 

24*5 

24*6 

24*2 

23*6 

23*9 

24*1 

28*6 

2*7 

2*8 

2*6 

2*7 

2*6 

2*4 

2*4 

3*2 
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If tills analysis differs somewliat from tlie theoretical formula of the tri- 
nitro cellulose^ the circumstance must be remembered that cotton is not 
pure cellulose^ but that it consists of long extended vegetable celluleS;, in 
which there is always a little albuminous substance containing over 50 
per cent, carbon^ and 7 per cent, hydrogen^ the presence of which even in 
such quantities easily increases the per centage of carbon and hydrogen. 

The treatment with soluble glass has no influence on Baron Lenk'^s gun 
cottoBj it being previously free from acids, 

[The experiments made in this country confirm the conclusions arrived at by the Eeporters^i that 
there is no ground for the great importance attached by General Lenk to the treatment of gun cotton 
with soluble glass, adopted by him]. 

Gun cotton is always put into comparison as an explosive compound with 
gunpowder ; but it must be remembered that one of the component parts 
of gunpowder — charcoal — ^is most irregular in quality, especially where the 
primitive method of preparing it is followed. Still, in theoretical disquisi- 
tions upon gunpowder, charcoal is taken into account as pure carbon. 

Bunsen has so treated the charcoal in his experiments with Berne powder 
and Austrian army powder at the University Laboratory. 

Beme. Austrian. Powder. 


Carbon 68*84 81*2 82*9 

Hydrogen 3*67 2*8 2*99 

Oxygen 27*49 13*6 12*1 

Ashes — 2*4 2 


It is, however, weE known that the Austrian charcoal is manufactered at 
a higher temperature. 

The Irench chemist Tiolette, who effected the latest improvements of 
charcoal manufacture, proved a difference in charcoal of eight per cent, in 
hydrogen, and one per cent, ashes ; and the comparative proportions of 
the charcoal of the same wood made at various temperatures varied from 
840'' to 800'' 0. 

If it be considered that with us the manufacture of gunpowder as well 
as of charcoal is in the hands of ignorant workmen of the lowest class, who 
make at one operation and of the same wood charcoal at all sorts of 
temperatures, then the opponents of gun cotton, who imagine they have in 
powder the perfection of shooting material, are of all persons the least 
Justified in the reproach that Baron Lenkas gun cotton is not uniform in 
its composition. 

This want of uniformity in the composition of powder-charcoal was the 
origin of the tests by the Berthier process for discovering, before mixing, 
the component parts of powder, especially the powder-charcoal, by means of 
the Berthier process or trial, for the purpose of ascertaining its combustive 
value, 

jf 

tyvkat is bcKce stated, wiib regard to tbe great want of tmifomity of tlie wood-cbarcoal (and 
consequently of gunpowder), can scarcely be believed to be tbe real state of tbe case, even in Austria, 
where gunpowder of good character as regardsttoiformity, is produced; but it certainly does not apply 
at ^ to the wood-charcoal used for gunpowder in this country, which is prepared by experienced 
workmen under proper supervision, according to a well-regulated and thorougldy uniform system; 
and, which, eonsequeaUy, presents in its opmpositian a high degree of uniformity]. 



f HB, BOYAB AEflLIiBEY IBSTIf UTIOIT . 


373 


JJnalteralle quality of the Lenh Gun Cotton. 

8. Even if invariability of composition in respect of gnn cotton be con« 
ceded, tlie allegation is made, that if kept for a long time it deteriorates ; the 
ground of this dictum being sought in experiments which show the alteration 
of the gun cotton to the extent of 100^ with regard to litmus paper, and 
also are assumed to reveal a spontaneously explosive quality. The changes 
in. the Hirtenberg gun cotton can only be ascertained direct by comparison 
and analysis wdth other and different samples of gun cotton made on the 
same day when manufactured, and then by repetition of analysis of the same 
portions of cotton after one, two, three, or more years; tliese results finally 
compared with the first yearns analyses : but there exist no such analyses, 
because they were never made. The opponents of gun cotton themselves 
have therefore omitted the only true proof of a changeable quality. Such 
omissions can, nevertheless, be in some degree remedied. 

In the magazines of gun cotton at the Neustadter Haide, there are stores 
of various years. 

In the laboratory of the IJni varsity there are samples of Hirtenberg gun 
cotton of three several years wMch have been examined by the above-named 
artillery officers, and they have been found not to differ materially in their 
composition from tri-nitro cellulose. Eor instance — • 


Per 

Centage. 

Tri-nitro 

Oullulose. 

Ho. 3 
of the year 
1856. 

Ho. 6, 
year 1860. 

Ho. 14, 
year 1862. 

1862. 

1 

2 

1 

2 

1 

2 

3 



Carbon ......... 

24*3 

24*4 

24*5 

24-6 

24*2 

23*6 

23*9 

24*1 

Hydrogen 

2*3 

2*7 

2*8 

2'6 

2*7 

2*6 

2*4 

2*4 


If these results are compared with each' other, there can be no right to say 
that Hirtenberg gun cotton alters by keeping. They agree so far with 
each other as analyses of the mme material usually do. It is to be regretted, 
on this as on many other accounts, that during the last twelve years such 
analyses were not frequently repeated. If the opponents of gun cotton, 
in performing an adverse experiment, heat the substance in a test tube up 
to 1000 C., and holding litmus paper over it, deduce from redness of the 
latter that gun cotton changes after long keeping, they merely prove thereby 
that gun cotton changes at 1000® C. Of an explosive compound, it can only 
be required that it shall not deteriorate within certain limits of temperature: 
a requisition amply fulfilled hy LenHs gun cotton. 

Some varieties of gun cotton, if inclosed together with litmus paper in a 
tube, often manifest an acid reaction at ordinary temperature. This may 
arise from various causes. There may exist, for example, free acids. These 
acids may be the result of nitrogen partially oxidized, and may result 
from imperfectly worked cotton. This assumption granted, the phenomenon 
is explained, and the cause is easily avoided. 
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It may arise from decomposition of the gun cotton^ atmospheric dampness 
having brought about a partial reconstitution of the cellulose. 

This assumption granted, the acid reaction just adverted to should be 
local, affecting the material in particular spots only. This seems a necessary 
deduction, having regard to the long process of steeping in water to which 
Lenkas gun cotton is exposed in the course of manufacture. By this 
steeping process the cotton should otherwise be utterly destroyed. 

^ Possibly the tetra and penta nitro cellulose are more liable to decomiio- 
sition; but only^ traces of these bodies are to be found in Lenkas gun 
cotton, as experiment amply demonstrates. Were it otherwise, analyses 
siiouid make known (which they do not) a deficiency of carbon and 
hydrogen below the theoretical quantity. 




Carbon. 

Tri-nifcro 


24*2 


o 

Tetra-nitro 

o 

21*0 



Tenta nitro 

Q 

18*6 


Hydrogen. 


2'3 

1‘7 

1*3 


But some specimeus of Lenk’s cotton do not even yield traces of deeora- 
poation. A parcel of Hirtenberg cotton was laid for six weeks in a pond 
and not subsequently treated with potash. It was then deposited in a 
run^g strep, afterwards exposed for one month to the air ; beiL subjected 

Tt <5ay and night, continuously. 

It retains its original explosive qualities, and fails to redden litmus 

paper, even though the latter Im wrapped in a mass of this cotton and allowed 
to remain for many days. The results of an analysis of tliis cotton were 
dmost identical with the calculated elements of tri-nitro cellulose, as the 
following table makes apparent:— ' 

^ , Calculated. Found. 

Carbon 24*2 24*4 

Hydrogen 2*3 2*8 

^ The redness of litmus paper that sometimes occurs may also result from 
traces of orgamc acids, formic and acetic acids for example, both which may 
Sr?" tarpentme of the pine-chests in whici the gun cotton S 

[Some^ptta and „gumente used by the Eeporters under this heading, in support of the 
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after tlie gttii cotton lias been stored in wooden or metal-lined eases, even if tliese are kept ventilated. 
These clrcunistanees mra/jn’ore not to be an mdieation of any important eliange in tlie gan cotton, but, 
at an j rate, this is a niatler which requires careful watching and the most rigid investigation, and 
•which does certainly not admit of being explained away by a reference to possible acid emanations 
from j>ine-chcsts in which the gun cotton may have been stored; or, to the long-continued treatment 
with acids ■which the cotton lias received (one of the leading features of Baron Lenk’s system being 
the most complete purification from acid to •which it is afterioards submitted, and by •which its 
permanent characters are believed to be- secured). - 

On the other hand, the possibility hinted at, that certain higher nitro-eoinpounds, of which minute 
quantities may always exist in Lenk’s gun cotton, are more liable to decomposition than the actual 
gun cotton: and that the acid observed may be the result of change, is entitled to full con- 
sideration. Chemists who have paid attention to this subject, have some grounds •for believing that, 
among the compounds obtainable by the action of mixed nitric and sulphuric acids upon cotton wool, 
the t)d~nitro cellulose Q.,id. gim Gotton as obtained by Lenk’s system), possesses the greatest 
stability]. . 

Sjmufmieotm BeeomxjosUion of Gtmpoiocler. 

9. Tliese acid traces slioiild tlie less evoke siirprise, when *ire bear in 
mind that the gun cotton in process of manufactnre liad been exposed for 
fortj-eight hours to a strong acid ba-th : moreover^ if the subject of 
com])arison^ viz. guupowdeib be tested with equal severitj^, similar evidence 
of chemical action would be forthcoming. The courses of testing must^ 
however/ be difiereiit. ; 

Gmpowder contains siilphiir, as is well known. Siilphor being an element^ 
cannot be decomposed : nevertheless^ it is affected bv the atmosphere^ though 
slowly. 

The change here is oxidation^ the product being siilpliurons acid. Tins 
oxidation imperceptibly affects solid cakes or bars of sulphur, but more rapidly 
if the sulphur be powdered. Now, gunpowder contains sulphur in the 
highest degree of comimimtion, and if gunpowder be smelt, sulphurous acid 
is easily perceived. Other evidence is, however, available. 

The sulphurous acid resulting from decomposition of sulphur is slowly 
changed into sulphuric acid, wdiich latter partly attacks the saltpetre, and 
is partly neutralized by the potash of the ashy parts of the charcoal. 

Gunpowder lias a weak alkaline action, although each of the constituents 
of gunpowder is absolutely neutral. The alkalinity can only result from 
potash contained as an impurity in the charcoaL These facts borne in 
mind, it follows that any sulphuric acid (resulting from sulphurous acid), 
developed in gunpowder, should be found united with potash as sulphate 
of potash. Now, the presence of sulphuric acid is easily demonstrable in 
affected gunpowder by the test of chloride of barium ; and, inasmuch as 
sulphuric acid does not exist in either of the original constituents, it must 
necessarily be a product of decomposition. 

[The reference here made to mimite changes which occur in gunpowder, apparently with the object 
of leading the reader to infer that the acidity, noticed in stored gun cotton, is of no greater importance 
than they are, is certainly calculated to mislead, and might have the effect of diverting the necessary 
attention from a point which demands most minute examination, ISTo chemist would suppose for an 
instant that the minute changes which occur in gunpowder could ever lead to a chemical action 
between its constituents, resulting in the genera|ion of heat sufficient to effect the ignition of the 
powder ; but all chemists know that gun cotton belongs to a class of bodies including many exceedingly 
prone to changes, which occur, in some instances, with great energy and rapidity, and are consequently 
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attended "by a considerable evolution of beat. Hence, tbe detection of acid, genei’ated in. gun cotton, 
wbich %Tas originally quite neutral, is a very different aiatter fimn tlie discovery of a minute 
quantity of sulpliuric acid in gunpowder ; the latter cannot affect the stability ot the gunpowder, 
while the former may he an indication of changes, not only destructive to the gun cotton, hut 
productive of heat, sufficient, by its accumulation, to lead to the ignition of the material] . 

These observations are only intended to show that no great importance 
should be attached to the casual reddening of litmus paper by gun cotton. 
Parity of reasoning should lead to the rejection of gunpowder : and^ indeed, 
gunpowder by long exposure to atmospheric iiifiiiences is so deteriorated as 
to he rendered wholly unfit for ballistic uses. 

[This last assertion is certainly not warranted by our knowledge of the nature and properties of 
the tw'O materials. The deterioration of gunpowder by exposure to atmospheric iniluenees is well 
knovm to bo due solely to the absorption of moisture by it. The remarks made on some of the 
statements under the preceding heading, bear likewise upon this statement]. 


Temperakire at wlicli Gun Cotton Ignitei, 

30. The rejection of gun cotton, in consequence of the changeable 
nature of, or the explosive quality of the material at low temperatures of 
the material, is so thoroughly and decidedly contradicted in the Ileport of 
Baron von Ebner, that it would be superfluous to go any further into this 
question; the lowest explosive temperature of the Hirtenberg gun cotton 
being therein fixed at 136°; a temperature which, practically, cannot raise 
any doubts against the use of gun cotton. 

Gunpowder and Gun Cotton compared as to Temperakire of Ignition. 

11. Nevertheless, it is of interest to introduce something regarding the 
qualities of gunpowder. Mixed with sulphur, charcoal ignites at a lo'wer 
temperature than by itself. A mixture of sulphur with charcoal, that had 
been prepared at temperatures between 150° and 400° C., begins to ignite 
at 250°; whereas a mixture of sulphur with charcoal, resulting from a 
temperature between 1000° and 1500° when heated to 250° onlj burns off 
the sulphur, without the combustion of the charcoal. 

Charcoal decomposes saltpetre at a temperature altogether different from 
the degree of heat at which charcoal is produced. Charcoal prepared 
at temperatures between 150° and 430° decomposes saltpetre at 400°. 
Charcoal prepared between 1000° and 1800° decomposes saltpetre at a 
dark-red glow heat. 

Sulphur decomposes saltpetre at higher temperatures than the charcoal, 
namely, at about or over 432°. The temperature at whicli sulphur burns 
in the air is, according to Yiolette, 250°, and at this temperature gunpowder 
also explodes. The explosive quality of various sorts of gunpowder is 
different, according to the sort of charcoal used, the proportions of the 
mixtures, and the size and compactness of the grains. Tiolettc observes, 
that an exact knowledge of the alterations in the composition of the charcoal 
of powder, in proportion to the temperature of the charcoaling process, 
must be followed by changes in the respective proportions in the mixture 
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, of tlie., .gunpowder. „ It is. useless to advert Iiere to tlie .conditions under 
wMcli cliarcoal is here produced by the common cliarcoal-bumers. 

Is Gi0i Cotton Sjyo^tmieotbsly ComiiistiUe? 

12, liiially, there still remains the consideration^ whether the danger 
of the spontaneous combustion of gunpowder is so great that it cannot be 
recommended for shooting purposes. 

Spontaneous combustion is well defined by Lieut.-CoL Baron von Ebiierj 
his definitions having reference to the military eonditions. 

Whence^ them have arisen the allegations of spontaneous combustiom 
and on wliat basis do they rest? Assuredly;, they receive no couuteiiance 
from the experience acquired by chemists, who in preparing gun cotton 
have each operated in a difterent manner. Pelouze maintains that the process 
of azotizing is finished in a few minutes. The explosive nature of the 
compound of this chemist, as well as that of Bonclier, is therefore 
attributable to a composition wholly different from that of the Ilirtenberg 
cotton. 

Nor are apprehensions of spontaneous combustion declucible from any fair 
application of tlieory. Whatever theoretical objections there may be at the 
present time applicable, were also applicable twelve years ago. In the summer 
of 18G2, the Simmeringer Haide explosion (already adverted to) occurred, 
and we may fairly assume that the list of theoretical assumptions favouring 
the idea of spontaneous explosion was then pretty well exhausted. In the 
Simmeringer tiaide magazine, however, gun cotton and gunpowder were 
stored together. To have imputed the explosion to spontaneous ignition 
of gun cotton, was altogether unwarranted by evidence. With equal show 
of probability might it have been imputed to the spontaneous ignition of 
the gunpowder. 

[A3i assertion wliieli is not supported by any of tbc arguments put forth in tliis Ecporfc, and for 
■wliich it cannot be admitted that there is any foundation] . 

The latter view might be supported by the experience of numerous powder 
explosions where not an atom of gun cotton was present, and yet the cause 
was never ascertained. 

Many probable reasons, however, may be adduced favouring the belief 
that the liirtenberg cotton did not explode spontaneously : these probabilities 
rest on grounds both theoretical and practical. 

Experimental Proofs demonstrate that Lenlis Gmi Cotton is not spontaneously 

eomhmtihle. 

13. The history of gun cotton as chronicled by chemists and artillerists, 
short though the history be, is so full of records of explosion under un- 
expected circumstances, that an unbiassed mind can hardly fail to be impressed 
witli the belief that amongst the ordinary conditions of military practice, 
there may be some competent to induce the spontaneous coinbustion of tliis 
material. Nevertlieless, the experience of Baron Leiik, acquired during a 
period extending over more than , ten years, is more pregnant with reliable 
testimony than can be found in the entire remaining history of this material. 
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The mannfaetuTe of gtm cotton in Ilirtenherg consists in a number of 
perfectly Jmmiless operation; and it is remarkable that, contrary to what 
happens with gunpowder, if fire be not actually applied explosion is impossible. 
All operations are so arranged, that the material acted upon is in a moist or 
wet condition — ^lienee not explosive. Drying takes place in a capacious 
building, on every side open to the air. The last process of drying is carried 
out in the drying-chamber, where it is effected by a stove situated on the 
outside, distributing its heat to the building by earthenware pipes ; drying 
being thus insured through a gentle warmth. The gun cotton next goes 
either into a magazine to be packed away in chests, or is at once prepared for 
ammunition. 

[There can be no question that the manufacture of g;un cotton, according to Lenk’s system, is a far 
safer process than the production of gunpowder, and that, provided artificial beat is not emploi/ed in 
drying the finished material, the risk of accident hi its manufacture is infinitely loss than in the case 
of gunpowder. But these points do not bear upon the question of the possible spontaneous 
combustion of the gun cotton]. 

In this magazine Hirtenbiirg cotton has been stored for a period of twelve 
years, and not a single instance of explosion has taken place. How many 
powder-mills have exploded in that time ? In Prussia, however^ a drying- 
chamber has lately blown up. 

Your Excellency has officially been informed, that in Prussia they have 
worked for eight years with gun cotton, and not a single explosion has occurred 
except the last-named? In the Prussian drying-chamber referred to, a stove 
with iron smoke-pipe was used — a sufficient explanation of the misfortune. 

During twelve years we have prepared gun cotton at Hirtenberg for 
ammunition, that is, for yarns, spun ropes, and threads twisted and woven. 

One single case of explosion has occurred in the course of Baron Lenkas 
manufacture, the result of improper speed of working the spinning machinery. 
Now, the circumstance hardly need be insisted on, that gunpowder as w^ell 
as gun cotton can be exploded by friction. 

Gun cotton has been used for military purposes now more than twelve 
years : it has also been employed for mining and blasting. It has been 
subjected to every variety of transport. Packed in black wooden chests, 
it has been exposed to sunshine for months together : all this without one 
single accident. In the face of such testimony, it cannot be said that gun 
cotton manifests any tendency to explode spontaneously. 

Theoretical 'Pfoofi against the Spontaneous Comhustion of Lenlis Gun 

Cotton. 

14. Those who maintain the spontaneous combustibility of gun cotton, 
must surely be able to base their fears on scientific grounds. Let us now 
examine the most important of these. And, firstly, as regards cotton itself. 
Cotton is chemically affected by storage, if packed damp and in bulk. It 
then gets heated ; and examples are not wanting of warehouses burned 
down through fire generated by the heating of stored cotton. This chemical 
change in ordinary cotton begins with hydrogen, this element affording to 
the atmospheric oxygen, the first point of attack : hereby occurs heating, 
with partial oxidation. The oxidation goes on until even the charcoal is 
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afFectec\ and tlie result may be actual combustion. This occurs not only to 
cotton^ but linen ' rags, .as well .as to sawdust .and many: other, ^ organic 
substances. The conditions affecting Lenkas gun cotton are almost 
diametrically opposed to the preceding. Tirstly, the three easily removable 
atoms of liydrogen present in ordinary cotton are disposed of by wliat may 
be called azotization; then the long process of acid-steeping involved oxidizes 
everything in the cotton that can be azotized ; whence it follows that there 
remains nothing for atmospheric oxygen to act upon. Finally^ slow decay^ 
or eremacmisu/^ to which ordinary cotton is subject^ cannot affect LenFs 
.guncotton, 

Granting that atmospheric oxygen has no influence, still the theoretical 
allegation may be adduced that oxygen of water is not without influence. 
But the Hirtenberg gun cotton lies for several weeks in water ; moreover, 
is finally boiled with weak potash solution. Now, if it be easily changeable 
by water, it must surely have changed under this treatment : nevertheless, 
every analysis demonstrates the result to be tn-%itTO cellulose. It may still 
be argued, that if oxygen and atmospheric moisture do not produce material 
changes, still summer heat would do so; but examples such as the black 
cases wliich have lain for months in the open air on railway stations, exposed 
to the direct action of the sun, and the specimen already referred to, where 
more than one pound of gun cotton was exposed for more than four weeks 
to the direct action of the sun towards the south in all weathers, retaining 
still its full explosive properties, demonstrate a sufficient explosive constancy. 
If, however, gun cotton be prepared otherwise than as in Hirtenberg — or if 
not prepared in Hirtenberg, according to the special instructions of General 
von Lenk (of which, until now, no example was before us) — then, no doubt, 
there might be risk of combustion as in the case of the French cotton. 

[Witli regard to these theoretical proofs,” it is much to be desired that ih-Qis practical soundness 
be tested thoroughly by searching experiments upon a sufficient scale]. 


How the Explosion of the French Cottons are to be accounted for* 

15. The explosion can be accounted for in the following way : indeed, 
it has been mostly explained already. 

If the acids are not strong enough, or not permitted to act sufficiently long ; 
if, moreover, the subsequent removal and neutralization of acid be not 
complete, so that free acids remain ; then the atoms of unremoved hydrogen 
may become the focus of chemical energy, which rising to a sufficient degree 
of intensity, may result in explosion. 

To effect the perfect azotization by and contact in the first place, which 
the case requires, and to separate or neutralize every lingering trace’ of in 
the second place, demand time and attention to detail. We may with 
conSdence affirm that French gun cotton differed from that of Lenk, From 
considerations based upon grounds already stated, it probably was not 
without traces of free acid. 

It now remains, lastly, for us to enquire into the so-called disruptive 
ex 2 >losibility {vis viva^ or force brisante) of gun cotton. 
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Tlie "force irisante ” of Gun Cotton. 

[The points cliscussecl under this head, and which involve the question of the applicability of gun 
cotton to artillery, as a substitute for gunpowder, require a careful, systematic experimental 
examination]. 

16. This subject^ purely artilleristic in its nature, can only be spoken 
of by chemists so far as the force brismite of gun cotton clepends upon a 
certain chemical condition. 

By the expression hrimnte we understand the time within which 
a certain weight of an explosive material in a gun has been converted into a 
certain volume of gas or the volume of gas produced under otherwise equal 
conditions. 

An explosive material is therefore the more hicwntem proportion as the 
time is short for equal weight and volume of gas developed, or time and 
weight equal in proportion to the volume of gas is greater. 

We, being accustomed to compare every sort of explosive material with 
gunpowder, say that gun cotton is more hriscmte than gunpowder, because 
the former developes an equal volume of gas in a smaller space of time — or, 
what is the same, time being equal, a greater bulk of gas, and, therefore, a 
higher mechanical effect. In the moment of explosion the result exerts a 
greater pressure on the barrel; hence there is more danger of bursting. 

The danger of bursting by equal charges differs relatively according to the 
thickness of the barrel and the strength of its material to equal resistance 
of the shot. 

Given an explosive substance more hrisante than gunpowder, we can 
still fire the two with equal safety by proportionately increasing the strength 
of the gun. From a consideration of explosive bodies generally, it follows 
that each particular one, if applied to ballistic purposes, demands a peculiar 
gun. It cannot be reasonalDly expected that a gun best adapted to the use 
of gunpowder is also best adapted to the use of gun cotton. 

If that construction be discovered, then the higher hruante effect of 
gun cotton may appear as an advantage, instead of being thought a 
disadvantage. 

However, gun cotton can act disadvaiitageously in another manner on 
the barrel of a gun, through its higher Irkante nature. 

If we imagine the moment of the discharge of the gun taking jdace, then 
the products of the explosion — the gases, are as it were, in a mine, in 
which one of the resisting sides is movable, viz. the shot. The gases act 
with equal mechanical power on every side of tlie barrel in the moment 
before the shot is about to move. The sides of the gun being at rest 
(supposing it resists the explosion), it follows that part'of the mechanical 
power is transformed in an equivalent quantity of heat, or, what is the same, 
the barrel of the gun will become heated ; the temperature may be raised 
thereby so high, that the tin of a bronze barrel may partly melt, or, as we 
say, the barrel of the gun is burnt out'" after a number of rounds. 

That the last-named effect of heat on the barrel is not to be attributed to 
the chemical composition of gun cotton, but to the transformation of 
mechanical power into heat, is proved by Lieutenant von Karolyi's analysis 
, of the gases of combustion of Leak's gun cotton, which he made in the 
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Clieiiiical Laboratory of ,tbe Engineers^ Corps Committee, as may be seen 
in the Eeport of the Imperiar Academy of Science, YoL XLYII, p. 59, 
Matlieriiatical and Physical part; and which may be seen in the following 
table, ill which the gases of combustion of powder according to Bniisen 
(t?Afe Poggendorf, 4th Series, Yol. XIL, p. 181), are cited in comparison 
with, those of g,un cotton. 


Gases of combustion, 
Tolumc per cent. 

■ ■ 

Bunsen. 

Karolyi, 

Sporting. 

Eifle. 

Common 

powder. 

Gun cotton. 

^Nitrogen ' IsT. 

Carbonic acid C.O.g 

Carbonic oxide G.O. 

H'ydrogeii H. 

Salplmr and liydrogen H.S. 1 

Oxygen.., 0, 

Xigbt carburetted bydrogen gas 

41*1 

62-7 

3*9 

1-2 

•6 

^ 

•00 i 

35*3 

48*9 

5-2 

6*9 

•67 

3-02 

37*6 

42*7, 

10*2 

6*9 

•86 

2-7 1 

12*7 

20*8. 

29*0 

3-2 

Carbon) 1*8 
Water > 25-37 
■7-2- 


If we compare the gases of gunpowder with those of gun cotton, we easily 
see that the chemical action of the product of combustion of gun cotton on 
the sides of the barrel — ^if there exists any action at all — must be smaller 
than with the use of gunpowder, because they are less oxidizing gases than 
those of gunpow’-der, 

Sliould, therefore, bronze barrels be burnt out^^ by the use of gun 
cotton, cast steel may be then used instead of bronze, which, in fact, has 
been successfully done. 

Moreover, bronze gun-barrels have withstood a sufficient number of 
rounds by using an adequate charge of gun cotton wdtli elongated cartridges. 
In this w^ay no alteration of the bore prejudicial to the correctness of aim 
has taken place. 

Prom the steel barrel of a rifle, forty rounds have been fired with gun 
cotton cartridges, which have hit the target 800 yds. distant in an unexcep- 
tionable manner. After the said number of rounds, the barrel w^as internally 
as clean and polished as a mirror. It appears, then, that this problem is 
solved in a general and satisfactory manner. 

Application of Gun Cotton to Mining Warfare. 

17. Gun cotton is also used for mining purposes and mining warfare. On 
this subject nothing but wdiat is favourable has been reported by the Imperial 
Engineers (vide Communications of the R. K. Engineers^ Committee, 1861, 
YoL I., by Moritz Baron von Ebner, Colonel of the Engineers). 

However, it is said that the gases of gun cotton were more poisonous in 
mines than those of gunpowder, and, therefore, the use of gun cotton for 
mining warfare is not to be recommended. 

If we compare the result of Lieutenant Karolyf s analysis of the com- 
bustion gases of gun cotton wnth those of gunpowder as above given, we 
observe that both of them contain irrespirable gases; further, that they 
contain qualitatively the same sort of irrespirable gases ; and although the 
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relative quantities of some of tlie gases from powder and gnn cotton are 
different, the effect of those gases leads to tlie same practical result, viz. that 
after blowing up a mine, one cannot without danger approach the spot of the 
explosion before renewing the air by ventilation. 

In this respect we may say that the gases of gun cotton will be more 
quickly removed by ventilation tliaii those of gunpowder, because the first- 
named contahi a greater qiuantity of gases easily dissipated; since 100 
pounds of gunpowder contains 68 pounds of fixed solid matter, whicli alone 
suffices to make respiration almost impossible. 

It is not probable that an explosive compound will be found which will 
produce any other but irrespirable gases. 

It is one and the same in practice, whether a cellar contains 40 per cent, 
of carbonic acid and 10 per cent, carbonic oxide, or 30 per cent, carbonic 
oxide and 20 per cent, carbonic acid, inasmuch as no one could, without 
danger of suffocation, enter such a cellar. 

Both the gases of gun cotton and of gunpowder, according to Karolyi, 
may be ignited by a match. 

Becapikdation and Conclusions. 

18. "We believe we have in the preceding furnished replies to your 
Excellency to all the important questions which chemists may be called upon 
to decide prior to determining whether or not General Lenkas gun cotton 
can be used as an explosive material for warfare, and we will conclude our 
Eeport with the following general remarks : — 

General Baron von Lenk^^s gun cotton is almost wdiolly made up of tri- 
nitro cellulose ; it is manufactured in the Imperial Factory at Hirtenberg 
in such maimer that one invariable product results, 

Lenk's gun cotton remains unaltered under circumstances that would 
render gunpowder totally useless. It is not subject to any notable 
alteration, nor is it prone to spontaneous combustion. Its temperature of 
ignition is somewhere betw^eeen 130^ and 160^ 0., sufficiently high to 
remove apprehension. Its vis viva^ or force hrisante, can be moderated 
without difficulty if required, or else special cannon and rifle barrels may 
be adapted to it, 

[Of these statements, the seaavid md fourth require, for their Ml substantiation, further searching 
experimental inrestigation]. 

The dangers in regard to mining warfare are comparatively and 
qualitatively the same as with the use of gunpowder, — ^the gases of both 
being irrespirable. 

The manufacture of ^n cotton at Hirtenberg is provisional, and General 
Baron "W, von Lenk will know best how to devise improved mechanical 
apparatus when the erection of a proper factory shall be resolved upon. 

According to our^ experience up to the present time, we recognize in the 
^un cotton from Eirtenberg an improved explosive compound having many 
and great advantages^ several of which gtmpowder from its very nature 
can never possess. 
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ON THE PRODUCTS 

os THE 

€01BTISTI0N OE GM COTTON MD GUNPOWDER 

OTPEB CIECUMSTANCES AJNALOGOITS TO THOSE WHICH 
OCCCE IH PEACTICE. 

BY LIEUTENANT yon KAEOLTI.^ 


[Eeprinted, wifcR permission of tRe Proprietors, from the PiiilosopMcal Magazine of October, 1863]* 


[COMMUNICATED BY THE SECEETAEY, B.A.I.] 

The gun cotton manufactured according to Major-General Ereiherr von 
Lenkas method at Hirteiiberg near Wiener Neustadt, has, in consequence of 
special previous experiments, been used bj the Genie Corps for mining 
purposes ; and notwithstanding the fact that there are still numerous 
difficulties in the way of its use for gun charges, it is also used bj the Eoyal 
Imperial Artillery for hollow projectiles* 

The first mentioned use led the Genie Committee, to which I belong, to 
cause experiments to be made which are calculated to give greater insight 
into the chemical deportment of this substance. Among these is the attempt 
to ascertain the products of combustion of the gun cotton produced in 
Hirtenberg; and in the course of the investigation it seemed advisable to 
extend the method I used to gunpow’-der. 

1. Ayialym of the IPfoinoU (f Comhmtion of Gun Cotton* 

The rapid deflagration of gun cotton, and its necessary accompaniment, 
the bursting action, prevented me from using in the analysis of the products 
of combustion the excellent method which Professor Bunsenf devised, for 
obtaining the combustion products of gunpowder for the purpose of analysis. 
It was necessary to effect the combustion in vaciw^ and for this purpose I 
used a eudiometer about a metre in length, in which, instead of two wires, as 
in the ordinary eudiometre, a single very thin platinum wire was clrawm across. 
To this from 15 to 20 milligrammes of gun cotton were affixed, the tube 


^ Translated firom Poggendorff*a Anmleti, April 1863, by Dr Atkinson, Eoyal Military 
College, Sandhurst. 

t Phil. Mag. Yol. XV. p. 489- 
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filled with mercuryj and the Topicellian ?aciiiim produced in the usual 
manner. By means of a galvanic battery the wire could be ignited, and 
hence the gun cotton exploded; thereupon all eudiometrical operations were 
carried out in the tube in the usual manner^ after a preliminary experiment 
had shown that the gas produced in this manner consisted of nitroc^en 
bmoxide of nitrogen^ carbonic acid^ carbonic oxide^ marsh-gas, and aqueous 
vapour. ^ 

Volume. 

Original Tolume 374*53 

In the steam bath 416*83 

After absorption of 361*80 

After absorption of CO^ 328*06 

After addition of air 481*25 

After addition of oxygen 497*66 

After explosion 466*21 

After absorption of 002 430*57 
After addition of H ... 477*25 
After explosion 443*38 

The quantity of NO® and CO® is obtained from tbe absorptions, the 
quantity of water from the increase in volume in the steam-bath: the 
quantity of nitrogen is obtained from the volume 76'97, which remains after 
removing the carbonic acid resulting from the combustible gases, by sub. 

uncombined oxygen and the nitrogen contained in the atmospheric 


Pressure. 


Vol. at 0° 

Temp, and 1 m. 

0*1156 

12 

42*37 

0*1768 

95 

64*56 

0*1078 

11*2 

37*47 

0*0850 

10*5 

26*85 

0*2372 

12*3 

109*26 

0*2510 

12*5 

119*41 

0*2212 

11*2 

99*07 

0*1855 

10*4 

76*97 

0*2301 

11*7 

105*29 

0*1983 

12*6 

84*08 


2P.— P 


Marsh-gas = 


2P„- 

“~3 


=P-P 


Carbonic oxide =Pj- 
Hydrogen .... 

Sodutdifcombustirfth°^ combustible gases, P, the carbonic acid 
pr uucea in combustion, Ig the oxygen used in combustion. 

Hence the gases from gun cotton contain in 100 parts. 


By Tolume. 

Carbonic oxide 28*55 

Carbonic acid 19*11 

Marsh-gas 11*17 

Binoxide of nitrogen ... 8*83 

Nitrogen 8-66 

Carbon 1 ' 8 $ 

Aqueous vapour 21*93 

100*00 


By weight. 
28*92 
30*43 
6*47 
9*69 
8*71 
1*60 
14*28 

100*00 


average composition C®^HWN«0®® from 
separated carbon is 

greaterVressure the onauW' place under comparatively 
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Hence tlie^ deoxidation of nitrogen-compounds during tlie combustion takes 
place tlie more completely the greater the work which the gun cotton has to 
perform during- its combustion. 

This circumstance suggested to me the idea of exposing the guncotton 
during its combustion to a determinate resistance, and regulated so that it 
just gives way at the moment the gun cotton is completely burnt away. This 
condition led me to the experiment of placing a vessel filled with gun cotton 
which offered the necessary resistance, in a 60-pr, mortar, wMcli was then 
exhausted and the gun cotton exploded by galvanism. 

The detailed plan of this apparatus is seen from the diagram. In the 
toucbhole of the mortar a strong iron nut, a, is screwed, which by the aid of 
a good stuffer, enables the mortar to be made air-tight The screw is 
provided at h with a short tube closed by a cock, by which the vacuum is 
obtained in the subsequent operations. At df a copper wire, wxdl insulated 
with gutta percha, passes through the nut, wdiile at is a small hook ; to this 
and to the insulated copper wire the vessels filled with the gun cotton intended 
for explosion are fixed, and, as the figure show^s, allow^ the ignition of the 
charge to be effected. In the experiment the mortar is exhausted, the tap 
closed, and the platinum wire in the charge ignited by the current from six 
Smee^s elements, and thus the vessel burst. It is readily seen that in this 
way it is possible not only to burn the gun cotton under different resistances, 
but also to obtain the resultant gases free from atmospheric air. 
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The resistance of the explosion vessels must he so chosen that the gas 112 
the mortar, after explosion, has an excess of pressure of half an atmosphere, 
in order that it may subsequently be transferred to the measiiring-vessels. 

The explosion-vessels which I used were made according to the directions 
of the late Lieut.-Colonel Ebner, and consisted of hollow^ cast-iron cylinders 
closed at one end, while at the other was a nut through which the 
arrangement for a galvanic explosion passes. For this purpose the nut is 
provided with an excavation in which is a thin platinum wire fastened on the 
one hand to the insulated copper wire, and on the other to the copper wire 
wliicli passes directly through the nut. Outside the cover the wires are 
bent into hiiots, which, as previously mentioned, serve to support the 
cylinders and to complete the voltaic circuit. 

The weight of the gun cotton whose gases shall fill the exhausted mortar 
of 5216 cubic centims. contents so that there shall be the tension above 
mentioned, I have empirically determined, and find that it is 10 grins. The 
fact that 10 grms. of cotton somewhat compressed occupy a space of 10*5 
centimetres in length and 2 centimetres in diameter, determined the internal 
dimensions of the cylinder. The thickness of the sides of the cylinder was 
also obtained from an empirical experiment, which showed that with a 
thickness of 8 millims. the cylinder just exploded with production of 
fiame, and that thus, in accordance wdth the condition stated, the gun cotton 
burns away the moment the cylinder burst. I must here mention a peculiar 
circumstance which attracted my attention in determining the thickness of 
the side of the cylinder, and which serves to characterize gun cotton. 
Fox the above investigation I successively filled with gun cotton cylinders 
4, 6, and 8 millims. thick in the side and exploded them in a hole. Although 
the cylinders of 4 and 6 millims. in thickness contained comparatively a 
larger charge, the pieces produced were considerably larger than those of "the 
cylinder 8 millims. in thickness. The former "were often only split length- 
wise ; their cover and bottom remained unchanged, while the pieces of the 
cylinder of .8 millims. in thickness were scarcely larger than hazel-nuts. 

The above bursting vessels might also probably be constructed of glass. 
Tery strong thick glass tubes are taken, and at each end corks cemented in, 
one of which has been provided with a galvanic conduction and the small 
platinum wire. The length of the vessels and the thickness of their sides 
could then be regulated by the quantity of gas and the desired resistance. 

The qualitative analysis of the products of the combustion of gun cotton 
under the circumstances described gave carbonic oxide, carbonic acid, 
nitrogen, marsh-gas, and a trace of a sulphurous gas (probably a bisulphide 
of carbon compound), which, from its small quantity, escaped analysis and 
could only be detected by the smell. This probably arises from a small trace 
of sulphuric acid adhering to the gun cotton, which either was not removed 
in washing, or by subsequent treatment with potash remained as sulphate. 

^The quantitative gas analysis was made according to the following 

AhorjptioTi Amlym. 

Vol. at 0*^ 

Yolumo. Pressure. Temp. and 1 metre. 


Original Tolume.. 114*78 
After albsorbing CO^ „ . 84*88 


0*6242 

0*6048 


19*1 

20*2 


66 94 
47*81 
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Combustion, Anahjsis. 

Vol. atO° 

Volume, ■ Pressure. ' Temp. and 1 metre. 


OrigmalTolmae ......... 159*38 0’3144 19*8 46*72 

After addition of air ... 238*48 0*4108 19*4 87*75 

After addition of oxygen 293*77 0*4436 18*7 121*98 

After explosion. 248*16 0*3954 19*1 81*71 

After absolution of CO® 181*12 0*3504 19*5 59*19 

After addition of H...... 251*65 0*4344 21*8 101*32 

After explosion 174*85 0*3389 20*4 55*lo 


The quantity of carbonic acid obtained from the absorption analysis 
= 19*13. The nitrogen found by known methods is 11*37 volume. The 
combustible gases are determined, by the formula already mentioned in the 
case of the analysis in the Torricellian vacuum, as 

9P 

Carbonic oxide =26*01, 

Marsh-gas=^^|^= 6*51, 

Hydrogen =P-^Pi= 2*83 ; 

in which P=35*35, Pj=32*52, P2=27*44. The gun cotton used in the 
analysis corresponded to the formula from which the water 

which cannot be directly determined, as well as the eliminated charcoal, may 
be found. Hence the mixture of gun cotton gases consist of — • 


Carbonic oxide 

Bv volume. 

^ 28*95 

By weight, 
29*97 

Carbonic acid 

... 20*82 

33*86 

Marsb-gas 

... 7*24 

4*28 

Hydrogen 

... 3*16 

0*24 

Nitrogen 

... 12*67 

13*16 

Carbon 

... 1*82 

1*62 

Aqueous vapour 

... 25*34 

16*87 


Woo 

100*00 


As previonsly mentioned, the bursting vessels were filled with 10 grammes 
of cotton, which, by an accurate measurement, was found to yield a quantity 
of gas of 5740 cubic ceritims, at 0° and 1 metre pressure. The contents of 
the mortar at 16^ and 0*7382 metre pressure amounts to 5292 cubic centims. j 
the quantity of gas issuing at this pressure amounted to 2939 cubic centims. ; 
hence 10 grms. gun cotton yielded 8231 cubic centims. at 16^ and 0*7382 
metre pressure. If the quantity of gas is calculated from the results of the 
analysis, it is found that 10 grms. of gun cotton yield 5764*2 of gases, which 
suificiently agrees with the quantity actually found. 

Comparing the results of the above described analysis with those of the 
analysis in the Torricellian vacuum, it is found 

(1) That the gases in both cases are combustible from the large quantity 
of carbonic oxide they contain. 

(2) That the gases produced in vamo contain a considerable quantity of 
binoxide of nitrogen, while by burning gun cotton under appropriate 
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resistance, the nitrogen compounds are deoxidized in favour of the carbon in 
marsh-gas and of the hydrogen, hy_ which an increase in the carbonic oxide, 
carbonic acid, water, and a separation of free hydrogen are caused. Hence 
it follows that the red gun cotton vapours can never occur if the entire gun 
cotton is burnt away at the moment in which it begins to overcome the 
resistance offered to it. 

These facts have a practical application in the use of gun cotton to minltig 
purposes. ° 


II. Analysis of the IPndiicts of Comhustion cf Gunpowder. 

After finding that the combustion of gun cotton under circumstances 
resembling those which occur in mines is of decisive influence on the products 
evolved, it appeared desirable to investigate the combustion of gunpowder 
under similar circumstances. Unfortunately, since my investigations had a 
specifically military object, I could only analyze the Austrian small-arms and 
ordnance pow'der j hence only a superficial comparison can be instituted with 
the results which Professor Bunsen obtained with freely burning sporting 

The combustion of the gunpowder was effected in the exhausted mortar in 
the same way as the combustion of the gun cotton, with the exception that 
on account of the smaller action of the powder, and in order to obtain as 
large a q^ntity of gas, the exploding vessels had to be larger, but with 
tmiiner^ sides than those in which the gun cotton was exploded. The 
excavation in the cores was filled with meal powder. 

^e compoation of the two kinds of powder used for investigation are 
ootamed from the following analyses : — ° 

Orimnee Powder 4;5487 grms. gave 3-3563 grms. saltpetre and 

I ilS 1 ^^e^J'i’ie-^soluble m water. Bisulphide of carbon dissolved 
0*5823 sulphur. The remainder was charcoal. 

Smaltarm Powder. 8-8_653 grms. contained 6-8408 saltpetre : the resi- 


JFW* Orctduifbce ^Powdevy^ 

Oaifbon 81*200 

Hydrogen 2*865 

9Wn 13*599 

Asb 2*336 

100*000 


Por SmalUarniB Powder 

82-90 

iXydrogen 2-99 

OW” 12-14 

1*97 


100-000 


follows*^^^ composition of both these kinds of powder 


IS as 


Ordmme Powdery^ 

titrate of poiasb.,. 73*78 

Snlpliur..,. i2*so 

r Carbon 10‘88 

Ctocoal. I Hydrogen 0-38 

1 Oxygen 1-82 

V-®“ 0-31 

lOOCO 


Bmall-amis Powder^-- 


Charcoal. 


IVitrate of potash... 77-15 

Sulphur 8-63 

Carbon 11 ‘78 

Hydrogen o*42 

Oxygen,..,. i-yg 

0-28 

100-00 
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The composition of the po\rder analyzed by Bunsen and Schischkoff 
was-— 


Charcoal. 


Hiferate of potash.. 

Sulphox. 

^Carhon ’ 

3 Hydrogen... 

1 Oxygen . 


78-99 

^ 9-84 

7*69 

0*41 

3*07 

0*00 


100 - 00 . , "■ 

lor tlie qualitative analysis of the products of combustion^ two cylinders 
were filled with the two kinds of powder, made air-tight, and successively 
exploded in the mortar in the manner described. 

both kinds there were found in the solid residue: — (1) sulphate of 
potash, ( 2 ) carbonate of potash, ( 3 ) hyposulphite of potash, ( 4 ) sesqui- 
carbonate of ammonia, (5) sulphur, (6) charcoal, (7) sulphide of potassium* 
The latter, in the case of the smaU-arms powder, was only formed in very 
small quantities. 

The gaseous products of combustion were (1) nitrogen, (2) carbonic acid, 
( 3 ) carbonic oxide, ( 4 ) hydrogen, ( 5 ) sulphuretted hydrogen, ( 6 ) marsh-gas, 
and a very small quantity of a bisulphide of carbon compound wdiich wm 
distinctly recognized by its odour as being tliat produced in the gases from 
gun-cotton. The whole mixture is colouidess, and contains no fume or 
vapour. 


(a) Ordnance Powder. 

lor the quantitative determination of the products of combustion, 36*8366 
grms. were used. 

The gas passed into three absorption-tubes amounted to 75*3 cubic 
centims. ; the gas issuing from the mortar until the rest was under the 
atmospheric pressure amounted to 5480*7 cubic centims. at 16^ C. and 
0*749 metre pressure 5 under these circumstances the mortar holds 5216 
cubic centims.; hence the above quantity yielded 7621*96 cubic centims. 
gas at 0® and 1 metre pressure. 

The absorption-analysis produced — Voi. at <r 

. . ■ . ■ : and 1' metre... 

Volume, Pressure. ITemp, pressure. 

Original volume 90*72 0-6028 16*2 51”63 

After absorption of CO- and HS 63-71 0*5705 14*3 29-12 

Irom the estimation of the potash-bulb with iodine solution, it followed that 
the sulphuretted hydrogen corresponded to 0*44 division. Hence the above 
gas consisted of 0*44 voL sulphuretted hydrogen, 22*07 carbonic acid, and 
of 29*12 nitrogen and combustible gases. 

The explosion-analysis of the gas freed from sulphuretted hydrogen and 
carbonic acid and transferred to the eudiometer, was as follows 


Original volume 113-26 

After addition of air 183*36 

After addition of oxygen 204-32 

After explosion 185*62 

After absoi-ption of 00^ 167*90 

After addition of H 224*67 

After explosion 166*38 


Volume. 

Pressure. 

Temp. 

VoL at 0° 
and 1 metre, 
pressure. 

113-26 

0*2729 

15% 

28-8 

. 183-36 

0*8494 

16-8 

60-36 

. 204-32 

0-4295 

16*4 

71-79 

. 185-62 

0-3522 

15-4 

61-89 

. 167-90 

0*3476 

15-1 

55-31 

. 224-67 

0-4068 

16*2 

86-30 

. 166-38 

0-3355 


-,.52*79 
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By applying the formulae of _the gasometric methods already mentioned in 
the analysis of gun cotton, since the gases are qualitatively the same, the 
values are obtained, for carbonic oxide =6-21, hydrogen = 3-03, marsh-eas 
=1'38, and nitrogen =:19’18. . ° 

Hence the total gas calculated for 100 parts consisted of— 

42*74 vols. Carbonic acid 
0*86 ,, Sulphuretted hydrogen 
10'19 Carbonic oxide 
2*70 „ Marsh-gas 
5*93 „ Hydrogen 
37*58 „ Hitrogen 

100-00 

The determination of the solid residue in the mortar was effected after 
removing the gases, by digestion with water, which was drawn off through a 
tap in the bottom and rapidly filtered. ^ 

The results of the analyses were as follows 

of PotasdwK.^ The entire filtered liquid was digested in 
three large boihng flasks with well-igmted oxide of copper, thereupon 
filtered, and the residue dissolved in fuming nitric acid. Treated with 
mtrate of baryta, It gave 0-1015 grm. of sulphate of baryta, wliich cT. 
responds to 0 0478 grm. sulphide of potassium in the residue of 36-8366 
grms. powder. 

Carlonic A^. A litre of this liquid gave with nitrate of silver % 
precipitate of carbonate and sulphide of silver. Treated with ammonia the 
carbonate issolved, and was separated from sulphide by a weighed filter 
and precipitated in the filtrate as chloride of silver by meLs of hf drochloric 

which corresponds to oSV 
pm “2“ed‘Sm?o'‘2. “ " *-81^8 

As a control, the carbonic acid was determined by chloride of matiMiie^jp 
by mixing a litre of the liquid with a solution of thfs salt whfch TTE 

2-8337 grms. inthe Sim rSue corresponded to 

pm. hTO5Sleofi;h.l* k8'“l.*'“'>.“itesponels to 0-1733 
detomined b, me»e 
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solution; hence, according to the formula 

1 in which 22-57, a= 0-000517; this litre contained 

0 1746 grm. hyposulphite of potash, and the entire residue 1-04176 m-m of 
this salt. s ui 

^4. Sesgmearlonate of Ammonia. According to Bunsen’s method, a litre 
oh the hqmd was^boiled with caustic potash, the distillate passed into a 
solution of hydrochloric acid of inown strength, and the hydrochloric acid 
which had not been changed to chloride of ammonium determined with a 
standard ammonia solution. I found a = 0-04853, the quantity of hvdro- 
chlonc acid taken; 19-87, the number of divisions of an ammoniacal 
liquid which would have saturated a volume of hydrochloric acid equal to 
that taken with !!'=:41-S0 divisions of the burette. Usins the fomnla 

" 2HCI ll ~~ ' round in the f htre the sesquicarbonate of 

ammonia to be 0-041275 grm. ; hence 0-9908 grm. corresponds to the 
entire quantity of sesquicarbonate of ammonia. 

5. Carbonate of Potash. Subtracting the carbonic acid in the sesqui- 

carbonate of ammonia = 0-5541 grm. from the total quantity found (2), 
= 2-8337 grms., there remains a quantity corresponding to the carbonate of 
potash =2-2796 grms. Hence the entire residue contains 7-1498 grms. 
carbonate of potash. s 

6. Sulphate of Potash. A litre of the liquid mixed with chloride of 

barium gave 3-0244 grms. sulphate of baryta, which corresponds to 2-2683 
grms. sulphate of potash for one litre of liquid, and 13-6100 grms. for the 
whole residue. ° 

7. Potash. To determine the entire quantity of potash contained in the 
various salts, a litre of the liquid was carefully evaporated to dryness with 
sulphuric acid and ignited in a platinum vessel. 3-8466 grms. of sulphate 
of potash were thus obtained, corresponding to 2-0786 grms. of potash. 
Hence 100 grms. of ordnance powder contain 33-85 grms. of potash, which 
agrees closely with the result of the direct analysis of the powder. * After 
finding, by direct observation, that 36-8366 grms. of the powder furnished 
7621-9 cubic centims. of gas, the composition of the products of combustion 
of this powder may be stated as follows ■ 


Sulphate of potash 

Carbonate of potash 

. 13.61 
... M4 

Hyposulphite of potash.... 

1*04 

Sulphide of potassium 

... 0*04 

Chwcoal 

... 0*94 

Sulphur 

... 1*73 

Sesquicarbonate of aimnonia 

... 0*99 

Fitrogen 

.. 3*60 

Carbonic acid 

.. 6*40 

Carbonic oxide 

.. 0*97 

Hydrogen 

.. 0*04 

Siuphuretted hydrogen 

.. 0*10 

Marsh-gas 

.. 0*15 



.. 0*07 


mM. 


in which sulphur and charcoal aip calculated from the deficiency. 
[top. m.] 
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(b) Small^-ams Powder, 

34'153 gms. were used for the combustion. The quantity of the gaseous 
products was obtained from the following gasometric experiments : — 


Absorption Analysis, 

Vol.atO® 
and 1 metre 

Voliune. Pressure. Temp, pressure. 

Original Tolume 136-94 0*6331 22*1 80*21 

After absorbing CO® and SH 7-5*04 0*5024 21*9 40*46 


If the solution of the potash-hulb is determined with solution of iodine, it 
is found that 0‘535 division corresponds to sulphuretted liydrogen, from 
■which it foUorrs that the above quantity of gas consists of — 

Carbonic acid 39*22 

Sulphuretted hydrogen 0*63 

Combustible gases and nitrogen,. 40*46 


The explosion analysis with the transferred gas gave — 

Tol. atOP 
and 1 metre 

" Volume, Pressure. Temp, pressure. 

Original volume 120*12 0*3432 20*4 38*36 

After addition of air 198*51 0*4263 20*3 78*77 

After addition of oxygen 230*33 0-4478 20*6 95*89 

After explosion 201*14 0*4323 19*6 81*47 

After absorption of CO® 180*46 0*4276 21*0 75*23 

After addition of H 261*02 0*4817 21*2 116*66 

After explosion 174*20 0*4130 18*3 67*43 


If the formulse previously used he applied, we get 

Carbonic acid «= 3*96, Marsh-gas 2*29, 
Hydrogen »5‘24, and Nitrogen = 26-88. 

Hence the small-arms powder contains in 100 volumes* 

Carbonic acid 48*90 

Sulphuretted hydrogen 0*67 

Caihonio oxide 6*18 

Marsh-gas 3*02 

Hydrogen 6*90 

Nitrogen 35*33 


The solid residue jn the mortar was treated with hot water and the liquid 
filtered. Ifo sulphide of potassium was found to be present. The analysis 
was executed in the same manhet as with the ordnance powder. 

IVom the results of this analysis and from those of the gas-analysis^ direct 
measurement having shown that S4*153, grms, of ordnance powder give 
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7738 cubic centims. of gas, the follotring scheme 
combustion of the ordnance powder may be given : — 

Sulphate of potask ................. 12*354 

Carbonate of potash... 7*096 

Hyposulphite of potash 0* 605 

Charcoal 0*887 

Sulphur 0*397 

Sesquicarbonate of ammonia ... ... 0*90S 

Hitrogen. 3*433 

Carbonic acid 7*443 

Carbonic oxide,., 0*304 

Hydrogen..,. 0*047 

Sulphuretted hydrogen 0*079 

Marah-gas. 0*167 

Loss 0*235 


for tlie products of 


34*153 


The results hitherto obtained for the products of combustion of both kinds 
of powder may now be compared with each other^ and also with those 
obtained by Bunsen and Schischkoff in the analysis of sporting-powder: — 

I. (hmjpoBition^ 


(^Carbon 7* 


Charcoal. 


3 Hydrogen.. 
1 Oxygen. 
CAsh .... 


Sporting- 

Small-arms 

Ordnance 

powder. 

powder. 

powder. 

. 78*99 

77*15 

73*78 

. 9*84 

8*63 

12*80 

. 7*69 

11*78 

10*88 

. 0*41 

0*42 

0*38 

. 3*07 

1*79 

1*82 

. 0*00 

0*28 

0*31 

100*00 

100*00 

100*00 


II. Gaseous Products of Comhustion ly Folume, 

Kitrogen 41*12 

Carhonic acid 52*67 

Carbonic oxide 3*88 

Hydrogen 

Sulphuretted hydrogen 0*60 

Oxygen 0*52 

Marsh-gas..,.. 


41*12 

35*33 

37*58 

52*67 

48*90 

42*74 

3*88 

5*18 

10*19 

1*21 

6*90 

5*93 

0*60 

067 

0*86 

0*52 

3*03 

^70 

100*00 

lOOOO 

*10000 


III. Total Products of Combustion ly WeigJiL 


Carbonate of potash 12*64 

Hyposulfjhite of potash 3*27 

Smphide of potassium 2*13 

Sulphocyanide of potassium 0*30 

Hitrate of potash 

Charcoal 

Sulphur 

Sesquicarbonate of ammonia 

Kitrogen 

Carbonic acid 20*12 

Carbonic oxide 

Hydrogen 

Sulphuretted hydrogen 0*18 

Oxygen 

Marsh-gas 

Loss. 


... 42*27 

36*17 

36*95 

... 12*64 

20-78 

19*40 

3*27 

1*77 

2*85 

2*13 


0*11 

030 


■ j,. 

3*72 



073 

2*60 

2*57 

014 

1*16 

4*69 

2*86 

2*66 

2*68 

9*98 

10*06 

9*77 

... 20*12 

21*79 

17*39 

0*94 

1*47 

2*64 

0*02 

0*14 

OH 

0*18 

0*23 

027 

0*14 

049 

040 

... 

068 

0*19 

lOOOO 

100*00 

lOOOO 

1 190-00 

226*59 

200*91 
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A comparison of these results shows at first sight that^ on the whole^ the 
products of combustion of powder are little dependent on the manner in 
which the combustion takes place. But that the composition of the powder 
has a great influence, is seen from the fact that in Bunsetf s powder, which 
contains much nitre, nearly 4 per cent, of this substance are found in the 
residue; while, on the other hand, in the residue of the ordnance powder, 
which contains less nitre, almost 7 per cent, of sulphur and charcoal are 
separated unburnt. The influence of the composition on the nature of the 
products of combustion is still more surprising. Where the reducing body 
preponderates, the combustion of the carbon is more imperfect. Whereas 
the gases of sporting-powder only contain 8 per cent, of carbonic oxide, the 
gas from ordnance powder contains nearly 10 per cent. The, quantity of 
hydrogen and of marsh-gas increase in the same direction, so that the 
ordnance-powder gas contains nearly 20 per cent, of combustible gases. 
Hence it is not surprising that the gases of ordnance powder, as well as 
those of gun-cotton, may be ignited, as direct experiment showed, by a 
glimmering piece of wood. 

There might apparently be no difficnlty, from the results of these analyses, 
in arriving at a right composition of powder ; yet in this respect practice 
prefers its own empirical path. But in any case the results obtained serve 
as an additional proof of the inaccuracy of the view which prevails in many 
chemical text-books and in almost all artillery institutions, — that powder 
must decompose, in burning, into sulphide of potassium, carbonic acid, and 
nitrogen. If practice has no other reason for the composition of powder 
than the possibility that these products may occur, it is certainly allowable 
to attempt to prove experimentally that the products of combustion, even 
under the circumstances which prevail in practice, can never be formed 
^one, and that, indeed, one of them — sulphide of potassium — in many cases 
is not formed afc all. 
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EXPERIMEHTS INSTITUTED BY THE ASSISTANT SUEEEINTENDENT OE 
THE ROYAL CARRIAOE DEPARTMENT, AT THE SUGGESTION OE THE 
ROYAL ENGINEER COMMITTEE, AND SANCTIONED BY THE DIRECTOR OE 
ORDNANCE, 20rs AUGUST, 1863, TO ASCERTAIN THE ACTUAL TERTICAL 
PRESSURE EXERTED BY THE VARIOUS NATURES OF FIELD AND SIEGE 
ARTILLERY, WHEN PASSING OVER PONTOON BRIDGES ; AND ALSO 
WHETHER THE MAXIMUM PRESSURE IS OCCASIONED BY THE HORSES 
OR CARRIAGE. 


! 

I 


By Lt.-Coi,. G. SHAW, R.A. 

ASSrSEASI ST7PBEI2rTH2ra>Bir?, SOXA& CAEBIAGE BBPABTStBB'J, 


One of the weigh bridges in the Eoyal Arsenal having been selected^ as 



affording the best means for carrying out these experiments^ and it having 
been found that the weights of moving bodies could not be accurately 
ascertained without some method of self-registration the following contrivance 
was devised for the purpose : — 

An iron spindle was dropped through a fixed bracket {vide Diagram), so 


A Balmce Imer, 

B JBr'ac'ket for 
C bracket for s^htdle, 
D Bjpmdle* 

E Spiral sprimp, 

F Adjusting nut, 

G Sliding indicator, 

H Index, 
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as just to touch the beam when it was balanced by any stationary weight 
upon the bridge ; it was held in this position by a collar^ but was free to 
moYe upwards on the rising of the beam consequent on any additional 
weight coming on the bridge, wdiich upward motion w%as controlled by a 
spiral spring, the upper end of wdiich pressed against the fixed bracket and 
the loiTer end against a mill-headed screw nut on the spindle; by turning 
this nut the spring w^as regulated to any degree of strength. The liead 
of the spindle was so arranged as to lift, during its upward motion, a 
sliding indicator on an index, which w^as graduated by repeated trials so as 
to shew where the indicator would rest for every additional hundredweight 
placed on the bridge. 

By these means the stationary weight of any body being known and the 
beam iveighted accordingly, the additional vertical pressure exerted on the 
bridge and due to the same body moving over it w^as accurately ascertained. 


The experiments were made with the following natures of guns, mounted 
on travelling carriages with their full equipment of stores, viz : — 

40-pr. Armstrong, 18-pr. smooth-bore, 10-inch mortar, 20-pr. Armstrong, 
and H-pr. Armstrong. 

Tour pairs of horses with their military drivers were used to draw the two 
former, and three pairs for all the others ; each pair with the driver weighing 
about 25 cwt. 

^ In all cases they were walked over at the usual walking pace, and the 
of three trials recorded as the result. 


The following is an account of the experiments 


No. 1. 40-pr. Aemsteono. 

Weight of Carriage, Gun, &c., Stationary 81*5 cwt. 

j? „ Moving 106-3 „ 

Increase 24(-8=!30 


No. 2. 18-pr. Smooth 'Bom, 

Weight of Carriage, Gim, Stationary. 79*3 cwt. 

w « Moving 100*5 „ 

Increase 21*2=26 


No. 3. 20-pr. Aemstuohg. 

Weight of Carriage, Gun, &c., Stationary 4,6-76 cwt. 

, « »' Moving... 61*76 „ 

' Increase 16*00«30 
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No. 4. 12-pr. Aumstuong. 


Weigiit of Carriage^, Gun, &c,. Stationary. Bo ’5 cwt. 

j, ?> MoTing 53*2 „ 

JEncrease ......... 17*7== 30 per cent. 


No. 5. 10“iucli Moutae. 

Woigilt of Mortar, Carriage, &c.. Stationary ... 63*5 cwt. 


Moving 93*2 „ 

Increase 29 • 7 = 46 per cent. 


The high rate of increase obtained with the 10-inch mortar^, as compared 
with those of the 18-pr. and 20-pr., was thought to be due to the 
low wheels (4 ft. 2 in. diameter), to prove which the same 20-pr. as used in 
No. 3 Experiment was mounted upon the mortar carriage wheels with the 
following result: — 

Weight Stationary............ 44*75 cwt. 

„ Moving 75*75 

Increase 31*00=70 per cent. 

Ill all the experiments the greatest elevation of the indicator took place 
just as the carriage wheels got fairly on the bridge, and when the horses and 
limber had left it; and in no case did the horses affect the indicator except 
in that of the 12-pr. when it was just raised through a fraction of the first 
space, but was greatly exceeded when the carriage came on. Small, how- 
ever, as the effect thus produced by the horses really w^as, it is probable that 
it helped to create the high rate of increase as shewn by the 12-pr. carriage 
between whose weight and that of the horses there is not so great a 
difference as exists in the other carriages. 
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ON THE VALIDITY OF GENEEAL SHEAPNEL’S CLAIM TO THE INVENTION 
OF SHELLS IN WHICH THE TEUE PEINCIPLE OF SHEAPNEL FIEE WAS 
PIEST ENOTCIATED AND APPLIED. 


BY OIPTAIF VIVIAN DEEING MAJENDIE, E.A. 

CAPTAIJf INSTBUOTOB, BOTAL LABOEATOBY, 

In the first decade of the present century, at the battles of Eoliea and 
Vimiera the Eoyal Artillery made use, for the first time, of a projectile 
which then bore a different name to that by wliich it is now Generally 
known. The projectile was then called “Spherical case shoV’ — a proper and 
instructive name enough, as we shall see by and bye, but which suLeLen v 
gave way to a name which we have always believed to be even more just 
and propej a one than that which was first applied to it : in time “ Spherical 
case shot came to be called “Shrapnel shell.” And the reason ihy this 
name was thought to be a better name than the first,— though, in respect to 
the application and character of the projectile a less instructive one^— was 
this . It seemed to those who sanctioned its adoption that to connect 
the name of the officer who invented the shell inseparably with it so that 

tbms m a sort of way acknowledge, its inventor, would be to erect a suit 
able and imperishable monument to the inventor’s fame and the monument 
appeared the more suitable and desirable because the officer had rSved 
rom the Government no pecuniary reward for his invention, and his family 

rir„sLrA'.‘ 

Thus “Spherical case shot” came, and in the'eyes of all English artillerv 
men came very properly and appropriately, to be called “ Shrapnel slieil^’ 
after the inventor, Henry Shrapnel, of the %al Artillery ^ ’ 

It IS not perhaps very generally known that the vahdity of General 
Shrapnel s clam to the invention has been disprded, by some foreign authors 


called ^ T that the meal case 

the circametaace tCt oter 4““ ^ vT W 

name to this weapon, and because the Ikmav hi, hT* of myambly attaching his 

a monument awa^dei to the™ — g 

wonld be the means oZyl^. ' »®oem, hut which such a distinction 

r'”'' ■“ 

pp. SlBf S4i. . \ Committee Be^orts,-— 
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altogetlier unprofitable expenditure of time and trouble to investigate the 
claims thus set up, and to see what can be said on behalf of the brave old 
General who can no longer speak for himself, and to whom it is no longer 
permitted to vindicate his own claim/ 

It seems to me that if liis title to Ms shell be General ShrapneFs only 
moiiumeiit, and the one which his family, who best knew what his wishes 
would be on this matter, selected for him, upon us has devolved in some sort 
the custody of it, and we are bound to guard it jealously from those who 
would deface it, by scribbling upon it other names, and by obliterating the 
one which we are in the habit of thinking should be there alone. 

In short, was General Shrapnel the inventor of the shell, or class of shell, 
which bears his name, or not ? 

The term ^"inventor'^ is variously applied: men are sometimes called 
inventors who rake up some forgotten principle or design long since 
laid aside; or who import into their own country without acknowledge- 
ment the little known inventions of other lands;" or who lay hold of a 
principle imperfectly applied, and walking up the ladder which another 
man has laboriously constructed, proceed to build above his head on their 
own account, maturing his defective or incomplete details, and associating 
their own names with the first practical application of the principle; or 
who first perceive the principle but fail to apply it usefully; or who gather 
together fragiiieiits and shreds of other men's inventions, and build up a 
whole of their own,— all these men are sometimes called inventors. But 
there are inventors of another, though less numerous, class, — less numerous 
because the process by which they acquire their title, being a sort of double 
process, is slower and more laborious : — these are the men who first clearly 
perceive and ai>preciate the principles upon which the operation and success 
of their own invention will depend, and who first apply these principles 
practically and in a useful fo^m. It is among inventors of this latter 
class that I desire to rank General Shrapnel ; it is his title to be ranked 
among inventors of this class that the foreign authors I have referred to 
dispute.^ 

It will be necessary before proceeding to discuss General ShrapneFs title 
to be considered as the inventor, in the broad sense which I assign to the 
word, of the shell which bears his name, to establish clearly; (1) Wiiat 
was the nature and proposed application of the shell; (2) What the 
principle of action upon which that aj)plication depends. 

1st. The nature and proposed; application of the shell. The Shrapnel Shell 
"originally consisted of a thin iron shell filled with musket or carbine balls, 
sufficient powder being inserted, with the balls, to cause the bursting of the 
shell when ignited by the fuze/'t 


^ I have nowliere seen it disputed that the credit of perfecting*, or prociiring* the re-introduction 
into the service of, shells of the Shrapnel class is due to General Shrapnel ; so much, at least, seems to 
he universally admitted. But it will be seen by my text that the credit thus accorded appears to me 
to involve a much lower order of merit than that tq wMch I think the General has a claim, and which 
this paper is written to establish. 

f of Ordnance Select Committee It^orts^-^Shrajpnel Shelly p. 6. 
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It was intended^ not to supersede case or grape but^ to act as case or grape 
at longer ranges than were attaimhle with those gyrojecllles ;* * * § ^ and its character 
was thus defined with great exactness^ as I have already indicated^ by the 
name which was first applied to it^ of Spherical case shot/*’ 

2nd. The principle of action of the shell. The shrapnel sliell acts as 
follows : — It describes a path similar to that of an ordinary spherical projectile 
up to within a short distance of the object aimed at^ when^ if the fuze be 
properly adjusted, the shell wall be exploded, the bullets and fragments 
continuing their forward course with a communicated velocity equal to that 
of the shell at the moment of fracture, and describing, as they slightly 
disperse, curved cone, the apex of which is at the point of explosion/^t 
The effect of the shell, it will thus be seen, depentU in no wag npon the 
bursting ehargey which should merely le siiffment to open the shelly and not 
sufficient to cause any dispersion of the bullets and fragmentSy% hut entirely 
upon the velocity communicated to the pieces by the shell at the moment of 
rupture. There is, therefore, as has been well said, this characteristic 
difference between a Shrapnel and a Common shell, ^^that the former produces 
its effect by means of the charge of the piece ; the latter by means of the 
charge of the shell and the principle involved in this distinction is, in 
fact, the leading principle of the Shrapnel shell. 

We may now proceed to examine General ShrapneFs claim to be considered 
as the first who clearly perceived and appreciated this principle ; and who first 
practically and usefully applied it. 

, An overwhelming mass of evidence might be produced to shew that the 
large majority of authors and others have unhesitatingly accorded to General 
Shrapnel the credit of the invention j|| but we have not now to do with 


* “ Shrapnel shell were not intended to supersede the ease or canister and grape shot, which 

are still in the service, but to be used at distances beyond the ranges of case and grape.’* — 
of Ordnance Select Committee Beytorts. — Shrapnel Shell, p. o. 

Col. Shrapnel himself thus speaks of Ms invention: “The object now accomplished is the 
rendering the fire of ease-shot effectual at all distances within the range of cannon.”— p. 6. 

“Shrapnel is case shot extended.”— Authorized^ifuiwet? of Artillery Bxcrciscs, p.l7 (Ed. 1860), 

f Ool. Boxer’s Benmrhs upon the Diaphraym Shrapnel Shell, p. o4i. Soo also, Observations on 
Shrapnel Shells^ by Major Seton, p. 38 ; and the chapter (p. 25) headed, “ Some remarks on the theory 
of shrapnels.” See also JSxpinences sur le$ Shrapnels, par Decker, p. 22, et seq, 

I “The charge of powder is small, just sufficient to open the shell.”— Major Scion’s 

Observations on Shrapnel Shells, p. 37. 

“The bursting powder acts exclusively on the containing ease or shell without at all affecting 
the contained bullets.” — Ibid. p. 38. 

’ “The projectile is so arranged that the bursting charge shall merely relieve the bullets, without 
affecting in any degree their onward motion.”— Col. Boxer’s Sandhurst Course, p. 20. 

“That thehuliets when relieved, shall bo but slightly affected on the direction of motion of the 

shell, by the action of the bursting charge. This condition embodies Oemral ShrapneVs 

grand principle:^ ■--‘Ool. Sm&idBBemarTcs on Mapliragm Shrapnel Shell, p. 26. 

I have thought it desirable to establish this very important point by solocfeing some passages 
upon the subject, from the many available, and quoting them here in support of my text. 

§ Major Seton’s Ohser-mtions ow Shrapnel ShelU, p. 38. Sec also Decker’s MvpSriences sur 
Im ' p* 

II It maybeintereslhagto quote some of the testimonies, which I have culled from different 
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'testimonies in Ins favour, but with the claims wliicb have been put forward 
:OJi behalf of other nations/ These claims are two in number : the first is a 
claim which has been preferred by General Bormann of the Belgian army, 
on behalf of the Germans of the 16th Century; the second is a claim 
preferred by the celebrated Piobert on behalf of the French artillerists of 
the 17 th Century, These claims I shall proceed to investigate in succession : 

(1) The Gee3iahs clmh to the Invehtioj?-. 

General Bormanifs work on The Shrapnel Shell in England and in 
Belgium^ commences with the following passage : — The English were the 
first nation "who, in modern times, employed the projectiles known in England 
more under the name of spherical case shot,^ than under that of shrapnel ; 
hence generally, though erroneously, as we shall see hereafter, its invention 
is believed to be of English Shrapnel Shell in England and 

Belgium^ p. 1. 

The ground upon which General Bormann disputes General ShrapneFs 
claim to the invention is, that the shrapnel shell w^as merely, as he believes, 
the application of a principle perfectly well known to the German artillerists 
of the 16th Century, and applied by them in the form of a projectile 
termed, hagel kUgel (hail shot). This is what General Bormann says upon 
the subject : — The shrapnel shell is a German invention of the 16th 
Century, as has lately been discovered. For this discovery the Germans 
are indebted to a distinguished officer of the Eoyal Prussian Artillery, 


works, in General SiirapneFs farour. I hare selected those wliich are concise and best adapted for 
quotation, and which appear to me to be the most weighty: to these a large number of other 
quotations of a similar nature might be added, but those I have given will suffice for my 
purpose: — 

“ This invention has universally been accorded to General Shrapnel of the British Artillery.”—* 
Ordnance Select Committee Mej?ort on Shrapnel Shells^ p. 6. 

Shrapnel shells..,. take their name from that of the inventor, the late General Shrapnel, 

of the Bojal Artillery.” — Ohservailons on Shrapnel Shells, p. 9. 

Shells originally introduced by General Shrapnel.” — Owen and Dames’ Iheciures on Artillery, 
p. 69. 

Although General ShrapneUs invention of spherical case shot dates from the beginning of the 
present century,” &c. — Ideport of Americmi Ordnance Commission to JSurope, p. 167. 

'' Shrapnel’s shells, or spherical case : The author of the British Gunner, has very justly observed 
that the latter term is given to the prejudice of the ingenious inventor Major General Shrapnel,” 
Aide Memoir 6 to the Military Sciences^ (See also The British Gunner, Introductory Eemarks), 
General Foy in his JECistorie de la gurre de la Benimule, Vol. I. p. 298, speaks of “Slirapnel 
spherical case shot from the inventor’s name, Col. Shrapnel,” — Observations on Shrapnel Shells, p. 71,. 
Paixhans in his Constitution Militaire de la France, p. 248, speaks of them as having been 
proposed by Shrapnel, an English Artillerist.” — Ibid. p. 70. 

“ Colonel Shrapnel of the Eoyal Artillery, has the exclusive merit of having added this formidable 
weapon to those already in use,” &c. — James’ Military Dictionary, p. 813. 

** The military weapon, which, as I have said, my father had for some time patronized, and 
endeavoured to introduce, was a kind of shell, invented by an ingenious Officer of Artillery, Lt.-Col. 
Shrapnel, and now familarly known by the name of Spherical case shotJ^--»^Msmoirs of Sir John 
Sinclair, by his son, the Eev. John Sinclair, M.A. ToL II. p. 243, 

^^To that able and distinguished officer (Major-General Shrapnel), is due the credit of the 
invention which has made his name so justly celebrated.”“Ajy(3ttJi!t? Gunnery, p. 425. 

See also opinions of Decker and Meyer quqted further on. 
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Captain Toll; who in his historical researches found in the library of the 
Heidelberg university, a MS. of the year, 1573; which incontestably proves i 
that the German artillerists of that epoch knew perfectly well the principle 
upon which the present shrapnel fire is founded; and that notwithstanding 
tlieir limited means, they had even succeeded in the application of this 
projectile; which was then called Aa^el hilgel (hail shot),^^ — Skrapnel Shell in 
Mngland and Belgiim^ pp. 59, 60. 

Artillerymen; however; will probably not think the proof as ‘"^incontestable” 
as General Bormann appears to consider it, when they read the description 
which he gives of the projectile in question. This liagel hilgel condded 
of a leaden shelly or rather hox^ of cylindrical form ; its fuze was the old 
common fuze placed in the axis of the shell and at one end of the cylinder; 
the bursting powder surrounded and covered the fuze in the interior of the 
shell ; the rest of the empty space of the shell was filled up with ‘ hail;^ 
pieces of iron; bulletS; or even pebbles ; and lastly, the shell was suitably 
closed at the other end. This projectile w^as introduced into the gmi so 
that its fuze was turned towards the charge of the piece ; the fire with it 
seems to have been successful to such a degree that it was employed in 
action ” — Ibid. p. 61. 

It is perfectly evident from this description, that the hagel Mgel was 
merely a clumsy description of case, only adapted for short ranges ; for it 
would of course be impossible to project a cylindrical leaden box to any 
considerable distance from a smooth-bore gun.* 

It is possible, therefore, that the hagel hilgel may have had something to 
do with the introduction of case, but that it gave any hint as to how case 
might, be made effective at long ranges cannot be conceded ; and it has already 
been explained that it is only at long ranges that shrapnel is stiperior to case; 
herein ahne the great advantage claimed for it lies — that it enables a fire 
similar to that of grape or case to be delivered at distances beyond the ranges 
of those projectiles. 

It is difficult, therefore, to see how the principle of the Shrapnel shell, 
much less the application of the principle, can be fairly said to have been 
derived from the hagel hilgel^ when the characteristic feature of the former — 
the great advantage upon which its claims to notice were founded, viz. that 
it enabled case effects to be produced ^^5 long ranges^ was necessarily, from its 
form and construction, absent in the latter. 

(2) The PnnncH claim to the Invention: 

Piobert says: — ^^Les projectiles creux ont ete employes, notamment 
k Lille en 1672 a lancer des balles de plomb en grande nombre et k grandes 


^ It HQglxt app^^ at first sight to tlio modem artilleryman, that the fact of the faze and hia'stmg 
charge of the projectile being "turned towards the charge of the piece ” ajffords an additional reason 
for supposing that the projectile was intended, to hm'st soon after quitting the gun. I have not 
ov^looked, this consideration, hut T do not think it proves anything ; for there is no doubt that in 
those tunes the fuz^ of shells were frequently turned towards the charge, and clearly, shells could 
hot have been intended to burst inyariably on quitting the muzzle. The explanation of this 
arrangement probably to be found in the fact that the artillerymen of those days did not know 
that the fiash of the discharge would ignite the fuze if placed away from it.— See Ze Fasse et 
V AvmtT de Vol. 113^ p. 3^, ei/fstefet $eg^. 
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flistaiices. Pour cela on introduit dans lenr interieur line certaine quantile 
de balles inclepeiickmaieiit de Ia cliarge,quidoit prodiure reclatement^ et Foil 
place dans Focil line fusee d'nne longuer telle que le fen ne se comniiniiqiie 
li la charge qiFiin pen avaiit Farrivee an but/"’ — Tmiid (V Arilllenej Tkcorhiae 

Piobert does not> it is true, say in so many words that the true principles 
of shrapnel fire were understood by those who proposed and employed these 
projectiles in the 17th Century, but he implies it. He implies by the bare 
fact of introducing a description of this projectile in connexion with liis 
account of shrapnel shells p and he implies it more pointedly the very 
precise description which he gives of the action of these shells^ and of their 
bullets this description being surely intended to convey two things to tlie 
iniivd of the reader, — the first, that the action of tlie projectiles was the same 
as tliat of the modern Shrapnel shell (and we ncm\\\o\\ that fired and exploded 
%nch}AJie mrm multtiom it must necessarily in its main eflects have been 
the same) j — the second; and the more important; that the inventors of the 
shell and the artillerymen who used them thoroughly well understood their 
actioii; and the principle upon wliicli that action cle]>ended; — in short; 
"diidki theoretlccdly and spherical case sliot were understood more 

than a century before General Shrapnel proposed tliem ; and that the credit 
of the invention belongs not to that ofiicer, but to tlie artillerists of the time 
of Louis XIV. 

PioberFs statement has been adopted by some other authors: Thiroux 
saysj Bes Bclmipielh ou ohm a lalles: Ces projectiles; essay es en France, 
des le temps de Louis XIV, au s\6ge de LilleF^ — Tiidrnctmi dd Artille-rie, 
p. 299 \ and Captain Brenton in his Course for the American Cadets, in the 
same way, dates tlie first ein})loyment of these projectiles as far back as the 
time of Louis XIV : ^^Projectiles similar to spherical case shot were used in 
France as early as the time of Louis lEAN A —Arne ncem Artillery Coursep p. 77, 

’Now with regard to PioberFs statement, (upon which apparently the other 
two that I have quoted are built), 1 would first observe tluit I have been 
unable to trace the authority upon which it rests. Ordinarily Piobert is 
very particular in siqiporting his statement by references to the authors from 
whom his autliority is borrowed ; m this instance he fails to do so. In the 
absence of any such references I have searched a number of otlier works 
upon the history of Artillerjp particularljq the admirable Le Basse et 
d Avenir de Artlllene, perhaps the most correct and authoritative work upon 
the subject which has ever been published ; neither this work, nor, with one 
exception, any of the others which I have consulted, make any mention of 
such a projectile as Piobert describes. 

The one exception is Decker, who in a note says "^^Dans Foiivrage de 
Geissler (Ciirieuse und Velkommeue artilleric) de 1718, on lit., page 90, 
que Geissler a tire ces bombes, le 20 Novembre 1G-I2; a la citadelle de 
Lille, en pr&eiice de Louvois et da Graiid-Maitre de Lude/^ — JAperieiiees 
snr les Shrapnelsp p. 13. It is probably, then, upon authority that 

PioberFs statement is founded ; but that this authority rests upon no very 


^ I liaro not thought it necessary to gnote tlais description ; it is exactly tlie description wMch 
the modem artilleryman would give of the action and prmcir>le of tjhe slirai-)nel slielL 

[vOL. III.] 0 0 
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solid or well-estaHislied basis may be concluded from tlie remark made by 
Decker a little furtlier on : " II a qiie I ei-ej)erience de Geimler metis 
qui eih garantit VauthenticitS stir les Skrajmeh, p. 14. 

But supposing it could be incontestably establislied that '‘^des bombes 
remplies de ballcs de plomb'' were fired at the siege of Lille, does this fact 
of itself deprive General Shrapnel of the credit of the invention ? In iny 
o])iiiioii certainly not. To my mind the absence of any mention of these 
projectiles in the numerous works treating of the history of artillery (with 
the exceptions I have mentioned) is convincing proof that although pro- 
jectiles resembling Shrapnel shells may have been used in the 17th Century 
they were not intended to serve the same end as General ShrapneFs shell 
emci -tverd consinictecl on a cUfferent pimiple. 

I believe that the bullets were placed inside to act merely as so many 
additional splinters, the effect of which, according to the idea of the inventor, 
wmuld depend upon the same causes as the ordinary splinters of ordinary 
shells, viz. upon the bursting charge of the shell, and in no way upon the 
coiiimiinicated motion of the projectile, and the velocity Avitli which it might 
be travelling at tlie moment of rupture ; while, doubtless, in addition, their 
wmglit was thought advantageous as increasing the density of the projectile. 

My reasons for holding this opinion are as follows : — 

1st, The first appreciation and application of so important a principle in 
gunnery as that involved in the proper action of tlie Glirapiiel chell, would 
surely not have been passed over without remark by the authors of the military 
histories of those times. 

2ndly, If the principle had been known to the artillerists of this epoch, 
it seems strange that no further efforts should have been made to apply it 
more successfully than in thesh first rude attempts, and tliat a century and a 
quarter should have elapsed before the subject was again practically, or, for 
aught we know, theoretically, taken up, 

Srdly, All difficulty in accounting for the disappearance of projectiles of 
the nature described by Piobert, and for the absence of any mention of them 
in the works to which I have alluded, vanishes if we adopt the explanation 
suggested above, that the bullets were placed inside to increase the weight 
of the projectile and to. act as so many additional splinters, for a very slight 
experience,— the experience which one siege may have afforded, — ^must have 
served to show that shells of this construction, and intended to act on this 
principle, were of little real service. And the complete failure which must 
have speedily followed any attempt to introduce shells constructed on these 
ennneous principles would sufficiently account for the absence of any general 
mention of them, and of any attempt to improve upon them — feicts which I 
know not how to account for in any other way. 

4t1i1y, Ihere is no doubt that shells hdve been tlius constructed, — 
contructed, that is to say, with a number of bullets added to them with the 
object oi increasing the number of splinters, for the following passage occurs 

ill an old work written sometijne in the 17 th Century, by Oasimir Simie- 
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iiowicz, a PoMsli Officer, and, called; 5%.^ Great Art of Arinierij "^Tliis 
Grenaclo is most frequently armed with Leaden Bullets { that is the outside of 
it is covered:, witli tliem, that it may do.the,g,i‘eater exeeution. Iii o:rder to do 
this, you must first coat the Grenado with melted wax, which must have a 
certain quantity of colophoiief mixed with it; into wffiich you may sink as 
many Musqnet Balls as yon please whilst it is cooling : then wrap iiie whole 
up in a cloth and bind it well round with packthread/^ — T/ie Great Art of 
Ariillergy ji. 2>12>c ■ 

This passage removes all doubt as to the fact that shells /mve been con- 
structed upon the erroneous principle which I have explained; for, in the first 
place, the grenados^^ in question were grenades, and as these could not 
have been thrown with sufficient i^elocity to coniraunicate an effective 
forward velocity to the bullets after rupture, clearly the bullets must have 
derived their effect from another agency, and that agency must have been the 
bursting charge of the shell; and, in the second place, the fact of the 
bullets being placed outdie the shell seems to point towards the same 
conclusion, for by placing them outside, the whole of the interior of the 
shell became available for the reception of the bursting charge, and as, 
according to my view^, the effect of the bullets depended upon the bursting 
charge, by this arrangement that effect would be proportionally increased. 

5thly, That the leading principle of Shrapnel fire — the theory of tlie 
projectile, if I may so designate it — had not made a very permanent 
impression on the minds of the French artillerists of the 17th Century, if it 
kad ever been known to them, must be concluded from the fact that it was 
tmhmion to French officers of the highest rank and experience in the IStli 
and the beginning of the 19th Centuries ! That this was the case is placed 
beyond all doubt by a note appended to Deckcris TraiU Memetitaire 

Artilleries by the French translators. Colonel J. Ravichio de Peretsdorf 
and Capt. A. P. F. Nancy: Ces projectiles ne penvent pas etre, a beaucoup 
prSs, aussi terribles qu^on les represente. Les balles i/etant point serrees 
snr la petite quantite de poudre renfermee dans Fobus, celle-ci ne jpeut leur 
commmiiqjieTs par suite de V explosions wie qiianiiti de momement capable 
de les porter assez lorn et aveo assez de force pour les reudre vraimeni 
fMurtriereSn Des expmienees faites a Vincennes sout venues a Fappui de 
ce raisonnement, et ont deioontre qpt Its SeJirapenscJieh etaient rcelleraeiit 
de fort pea d^effet. Pour les rendre plus meurtriers, un officier Fran^ais a 
propose de les composer de deux enveloppes concentriques eii fer could, 
entre les qiielles seraient placees les balles, et dont celle de Fiiiterieur 
contiendrait la poudre. 11 n^est pas douteiix q[ue de cette mani^re la force do 
Fexplosion ne communiqufit aux balles une quantite do mouvement beaucoup 
plus considerable, et ne les rendit par consequent beaucoup plus meiirtrieres ; 
mais aussi la fabrication en deviendrait cerfcainement beaucoup plus difficile 


^ This work is, I believe, very rare. I am mdebted to Colonel Lefroy for the loan of a copy of 
the English translation, (the original work was in Latin), published in 1729. There is a copy of the 
work in the Eoyal Artillery Library, at Woolwich. , . 

t Powdered rosin. v 
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et plus couteiise ” I tMnlc I am justified in concliicling from tins passage 
tliiit tlie theory of the projectiles was unknown to Erencli officers oi the 
highest rank in the 18th and the beginning of tlie 19tli Ceiitiiries/^ when it 
is remembered that Colonel Peretsclorf was a Chevalier des ordres royaux a 
Saint-Louis et de la Legion d^Honneiuv Archiviste des bureaux de Fartillerie 
et du gmiie au ministere de la guerre, &c./^ and who has vserved lie tells us, 
Pi6mont, puis en Antriehe, et enfiii en Prance, et ayant, dans sa 
.longue carriere militaire, occnpe tons les grades depuis ce ui dkdeve 
d'artillerie, et rempli prescpie tons les emplois, soit en paix, soit on gU(U‘re, 
soit dans le personnel, soit dans le materiel/'' wdiile Captain Nancy was 
^^Aucieii eleve d" Tecole polyteclmique, de la societe des lettres, sciences, et 
arts, de Metz,^^ &c. 

This passage also conclusively proves that the idea of those officers 
respecting these projectiles was exactly tlie idea which I have attributed to 
the Prench artillerists of the 17th Century, viz. that the bullets wvere 
intended to act as so many splinters, to which force and movement wmuld be 
communicated hj the hur ding charge ^ and tinthmd ref ererice to the velocity of 
the dielL This seems to me to be very strong presumptive evidence in 
support of the theory wliicli I have advanced. 

Prom these considerations I have concluded that the principle of the 
shrapnel shell had not been perceived, and still less appreciated, as Piobert 
^vould have us suppose, by the artillerists of the 17th Century. Those to 
wdiom my reasoning upon this subject does not carry conviction I would 
refer to the following extract from Decker respecting the history of these 
projectiles, and I must congratulate myself in being able to quote so 
distinguished an author in support of my views : Quant a ce qiii concerne 
les shrapnels, on recoutre bieii dans Fancienne artillerie quelque chose de 
semblable mak fonde snr mi tout autre prmcijje ; ce quTl ne faut pas 
confondre. 

^^Oii s^est servi de cylindres remplis de charges explosives et de petit es 
balles non pas probablement, d'apres le principe des shrapnels, mais comme 
une sorte de petards ; toiitefois, nous connaissons anssi pen Fusage special 
de ces projectiles que la matiere des petites balles, 

"On dit qiFau siege de Rhodes, en 1522, les Turcs, se sont servis de 
bombes remplies de grenades ; c^est la Fexemple le plus ancieii dffiii 
projectile, qui a une afffiiite eloiguee avec les shrapnels inodcrue. 

"Dej^i le celebre Purtenbacli propose, en 1629, de jdacer sur les fusees un 
petard on une grenade, et de les remplir avec des balles de fer ou de ploinb 
pour leur doiiner FefFet destructif dhin tir h mitraille. 

"Dans Fannee 1697, le colonel Geisler a tire a Telle, devant le ministre 
Louvois, des bombes remplies de balles de plomb ; et, dix ans plus tard, 
il s^est servi de bombes remplies avec des grenades h maim 

"En 1774, on rencontre dans Fartillerie Prusienne, parmi les projectiles a 
obiis, des doulets ea^plosifa, qui contenaient de petites grenades ; on dit que 
ces grenades, apres Fexplosion du boulet, etaient lancees a SO pas et faisaient 
explosion h leur tour. 

"II est vraisemblable quo ces projectiles etaient les mcmes que ceux qu^on 
a depuis nomines perdtcaw^ En Faimee 1806, un grand nombre de ces 
projectiles tomba dans les mains des Eraii§ais a Magdebourg, et en ISIS, 
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lorsque les mnBitions devinrent rares, fls nous out canonnds avec^ probaUe- 
meat sans en comiaitre ia construction ; fy etais^ et j"eai souTent mterroge 
par les camarades sur ce fait singulier. 

on voulait se doimer beaucoup de peine pour faire des reclierelies 
nlteiiem'es, on rencontrerait i^robablement plusieiirs faits c|ui rentreraient 
dans le doiiiaine des slirapnels; mais quelques experiences que Fon eiit faites 
dans les temps passes avec des projectiles simulant des slirapnels^ elies sont 
indifferentes pour notre but; il n^y a que rexperience de Geisler qui puisse. 
faire exception : inais qui en garantit Fautbenticite ? Tozcs les projectiles 
erem cwaient aela de commmi qm leicr effet demit dependre de Pi charge 
eoplosivepet le colonel Shrapnels fut le premier qiii iattacha a la vitesse 
mitiale projectiles et la prit p)owr base des olns a dalles, Cette seiile 
circonskmce siiffit ponr Ini assurer la prlorite de Vimeziiions et le mettre a 
Vahri de toute eontestaf/ion, 

^ Tons les projectiles remplis de balles de plomb et de poudre^ jusqu^au 
temps de Slirapnels, dit le capitaine Meyer, ressemblaient aux shrapnels 
seulement dans leur composition generale, mais non dans leur composition 
speciale, et moins encore dans leur but ; car tons les projectiles creux des temps 
anciens ne devaient avoir de Feffet qrdaprh avoir touche le sols temdis qm ce 
qu^il y a de caraeteristique dans les shrapnels consiste dans Vercgdosion du 
projectile en avant de VennemL Les anciens projectiles projetaieut leitrs 
balks par la force de la charge dkxplosion, tandis que les shrapnels les 
projeUent par la charge de la gnece; les premiers ne sont que des projectiles 
creux dont le nombre des eclats est augmente, et les derniers sont des 
balles devant agir an loin. Ueffet des anciens projectiles de cette espece 
devait etre faible ; de la leur emploi rare. Avant que les fusees n'^eussent 
atteint assez de perfection pour etre reglees avec precision, a quoi Fon 
est parvenu seulement vers la fin du dernier si^cle, il ne pouvait pas etre 
question de produire Feffet que Shrapnel avait en vue ; et c^est la le merite 
incontestable de Shrapnel d^avoir tire parti du perfectionnement des fusees 
pour utiliser un effet de cartouches non connu jusque-la/^^ — Experiences 
sur les Shrapnels pp, 12 — 14. 

Major Seton in his little work upon the Shrapnel shell, also has a passage 
upon the subject, wliieh I shall do well to quote. It may be . stated, how- 
ever, that these shells were filled with leaden bullets at the early periods 
above-mentioned, under an erroneous notion, that, on the shell bursting, the 
contained bullets would scatter with force and produce an effect similar to 
that of splinters of the shell. The dynamical fact, however, of the bullets 
continuing to pursue the course the shell was moving in wlieii it burst, and 
that they derive their effect rather from the charge of the piece than from 
that of the shell — the leading principle in the shrapnel fire — appears, no 
doubt, to have been first clearly perceived, as well as distinctly enunciated, 
by Colonel Shrapnel.^^ — Observations on the Shrapnel Shelly p. 10 , note. 

The conclusions to which I have come, then, after a careful investigation 
of the facts of the case are, that General SlirapneFs invention had not, either 
in theory or practice, been anticipated by either the Germans or the French, 
or, that I can discover by any nation in any age. 

It is not enough, as I have before said, that General Slxrapnel should merely 
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be spoken of as having "improved upon " "re-introduced/’* or "perfected ”+ 
a shell invented by Germans or French some hundred of years back/ T 
desire to see his claim to the invention, universally and unhesitatiimlv 
conceded^ if it should appear that I have opposed successfully the 
claims which have been put forward, or if I have in auy way contributed to 
establish on a firm basis the title of our English artillerist to the full merits 
attaching to this important invention, I shall not regard the time which the 
investigation has necessarily occupied as otherwise than well spent 


* en usage/" p. 258. 

t ‘‘ Perfectionn^/" TUTom^ p. 299. 
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NOTE ON THE RATIO 


BEIWBES 


THE FOECES TEHDIITG TO PEODECE TEAHSIATIOH AND EOTATION IN THE 


BOEES OE EIFLED GENS. 


By CAPTzilN NOBLE, late E.A. 


[Eeprinted from the PliilosojoHcal Magazine, with permission of the Proprietors, to whom 
thaiiks are due for the use of the blocks for the wood cuts.] 

The magnitude the rifled ordnance of the present day have 

attained^ and the large charges which are consumed in their bores^ render it 
an object of great interest that we should be able to assign the pressures on 
the grooves (or other driving-surfaces intended to give rotation) due to 
different modes of rifling, as well as to determine the increment in the 
gaseous pressure arising from the nature of rifling adopted. 

The formulae, which we shall hereafter give, have, with slight modifications, 
been used at Elswick for nearly three years, and are now given, partly, 
because no investigation of the question has, to our knowledge, been 
published, and partly because, as several erroneous statements on the subject 
have appeared, the formnlm themselves may possibly be of use to some 
artillerists. 

The case we shall first examine will be that in which the rotation is given 
by means of grooves, the driving-surfaces of which are such that if a section 


Pi^. 1. 


of the gun, perpendicular to the axis, be made, 
the line drawn from the centre of the bore to the 
groove is coincident with the section of the driving- 
surface. A section of such a form of rifling is 
shown in fig. 1, The reader is supposed to be 
looking from the muzzle towards the breech of the 
gun, and the direction of rotation is shown by the 
arrow AB, It will be seen that the radius CD is 
coincident with the section of the driving surface 
BP. 

In entering upon this investigation, it will be 
more convenient to consider the projectile in its motion along the bore of the 
gun as moving on a fixed axis, and, further, to suppose that the motion of 
rotation is communicated to the projectile by a single groove. These 
suppositions will not interfere with the accuracy of onr results, and will 
enable us very much to simplify the equations of motion. 
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Take (fig. 2) as tlie plane of xi/y tlie plane passing tliroiigli tlie commence- 
ment of the rifling at right angles to the axis of the gnu. Let the axis of x 
pass through the groove under consideratioru and let the axis of be that of 
the gun. Let AP be the lielix^ and let (see figs. 1 and 2) be the 

point at which the resultant of all the pressures on tlie gr jove may be 
assumed to act; the projectile being in a given position. Let the angle 

Let ns now consider the forces which act upon 2. 

the projectile. We have; firstly; the gaseous ^ 

pressure acting on the base of the shot. Let us 
call this force, the resultant of which acts along / 1 

the axis of 0 ; (?. Secondly; if It be the pressure / /I 

between the projectile and the groove at the point / / 

P; this pressure will be exerted normally to the / 

surface of the groove; and if we denote by X, fx, v 
the angles which the normal makes with the , / v 

co-ordinate axeS; the resolved parts of this force / \ 

will be y ^ 

P cosX; liGOSfjL, Pcosr. / 

o j / B 

Thirdly; if /xj be the coefficient of friction between m ^ 

the rib of the projectile and the driving-surface; // 

the force will tend to retard the motion of 

the projectile. This force will act along the y/" 

tangent to the helix which the point P describes; ^ 

and if a; y be the angles which the tangent makes with the co-ordinate 
axeS; we have as the resolved portions of this force }x^P cos a, cos^; 
ixfi cosy; and summing up these forces; we have the forces which act 

parallel to /r = X == P (cos X cos a), 

„ y = X=5P(C0S/X — /Xj^COS/?), C (X) 

„ Z i=s>G P (cos cos y) ; ) 

and the equations of motion will be 

+ ( 2 ) 


P being tbe radks of gyration. 

We proceed to determine the value of the angles a, yS, y, X, /i, v. Let the 
equations to tbe belix described by tbe point P be put under tbe form 

»=srcos^, ^=zrsmf, z~hrj>, (4) 

X being tbe tangent of the angle at which the helix is inclined to tbe plane 
of xy. Then ^ 

“ j f & = — r sia cos dz = X:rd<p, 

' : &.sss^ Vl + A®.#, 
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mi 


cos a 


COS/3 : 


cos y = 


^ ds! 

‘ ds VT+I 2 ' 

_d^ cos ^ 

“ ds ' 

^ ^ 

'Tr+P' 


•srnfp 


(5) 


To determine tlie values of X, ju,^ i', we shall first seek the equation to the 
driving-surface of the groove. In the case under consideration, the surface 
is a well-known conoiclal one, the skew heli^oid/^ and is familiar to the eve 
as the under surface of a spiral staircase. It is generated by a straight line 
wliichj passing through the axis of always remains perpendicular to it, and 
meets the helix described by the point P. The equations to the director 
being given in (4), if .ri, 2^1 be the current co-ordinates of the generator, 
its equations are 

— — ^1 = ^... (6) 

Hence 

il? =s f COS 5 y == r sni rr : 

/cr 


kr 


and the equation to the surface is 


Z-i • Z-i 

cos — a?, sui — = 0, 
^ kr kr 


or, dropping the suffixes. 


?/ cos r sin = 0. 

kr kr 


.(7) 


Now X, ft, V being the angles which the normal to (7) makes with the axes, 

(f) 


cos X : 


COS ft ; 


cos V • 


{{ih (Sh an 

m 

[aho'nm' 

m 

C/dlY . , /dF\ni' 

iUj+lrfJ+wl 


.( 8 ) 


mt: 


[tol. ra.] 
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Now 


(f) 

m- 


. 2 rdi\ 
[d^J 

(' 


""s- 


1 fs) ^ ^ • 

-r [ - cos 7“ + ~ SUl 

k \r hr r 


"V 

hr) " 


"but since in tlie case we are now considering {co^y^z) is a point botli in tlie 
surface given by equation (7) and in the directing helix^ we have from (4)^ 

X , z <u . , * z 

- = cos 6 S= cos -7“ 5 ^ = sm 9 = sm 7- : 

T hr r hr 


therefore 


P 


Hence 


cos 


^ yj sin 0 

7 c cos ^ 


COS/X,= 


cos : 


vTT’f’ 

. 1 

’ vTTF’ J 


(9) 


Now substituting the values of the direction cosines given in equations 
(5) and (9), in (1), (2), and (8), we have as the equations of motion^ 


itf 


dh 


M 




E 


s/1 + h^ 

Er X'— /Xj 


0^1* + 1), 


Vl + P''’ 


( 10 ) 

(11) 


and hence the normd pressure on the rib of the projectile, 

r * h — jtxj " 

But if 'uf he the angular velocity of the projectile^ and 1i he the pitch of the 
rifling, we have the following relation between the velocities of translation 
and rotation, 

, ' At h . h At 


Hence 


%Tr dh 
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and 

r ’ 7c — fi^ ' A ' dfi 

Now substituting in this equation the value of ^derived from (10), we have 

{e - (fti + 1)}. 

rh k — y^i Vl + F ■* 

or 

B_ gyVTTF 

G hr(k — f^i) + STTps -f 1) * ( ) 

And tliis equation gives the ratio between the pressures producing translation 
and rotation. 

We now proceed to determine the increment of the gaseous pressure 
due to the resistance^ &c/ offered bj the rifling to the forward motion of the 
shot. We shall imagine a smooth-bored gun to fire a shot of the same 
•\?eight as that of the rifled gun. We shall further suppose that the two 
projectiles are delivered with the same velocity ; and we wnsli to know^ the 
same ballistic effect being produced by the two guns^ what is the increased 
pressure which the rifled gun has had to sustain. Now the equation of 
motion in the case of the smooth-bored gun is 

^1'=®’ (1^) 

and in tbe case of the rifled gun, 

= 

Now if tbe velocity-increments in tbe two cases be taken as equal, we 
shall have from equations (14) and (15), 

G’=G + + 1 )..... ( 16 ) 

V 1 -f 

And the second term of the right-hand member of equation (16) represents 
the increment of pressure due to the rifling. 

Let us now examine the pressures which subsist when a polygonal form of 
rifling is adopted; and we shall suppose the polygon to have n sides. The 
equations of motion given in equations (2) and (6) hold here as in the last 
case, and the values of a, /5, y given in (5) remain the same. The driving- 
surface is, however, different, being traced out ..by a straight hue which 
always remains parallel to the plane of meets the helix described by P, 

and touches the cylinder whose radius is cos ~ (see fig, 3, where PA 
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represents tlie generating line drawn from a 

point P of tlie lielk to touch the cylinder 

Now the equations to the helix being a 

a; = r cos <p, y = r sin 0 = (17) 

wliile that to the cylinder is / 

/ ® / f( / 

4- — 7 ^ (503 I — ft 3nppose,..,(18) 

\ %j y I 'X* 

if we draw from the point P i) of the helix \ V 
a tangent in the plane z == kr4> to (18)^ the 
co-ordinates of the point of contact (see fig. 3) 
will be 


os^ =s cos 




Now, the equation to the tangent drawn through the point of the 
circle is 


+ yyx = ^1^- 


And substituting in this equation the values of and^i derived from 
(19), we obtain as the equations of the generator. 


xr^ cos 


P'l ® 


and as the equation to the driving-surface, 




tTow 

(s)=”Ks~9' (!)=”(&-;)• 

since P, (^, y, z) is a point at once in the helix and the skew surface, 

© 1 . ^ 


dl\^ , fdF\^ , 1 

,dx) \d^) 5 


+ ( sin - 


Also 
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And substituting these Takes of ^ ^ in (8), we bate for the direction 
cosines at the point 


^ cos 


COsXs 


COS/A : 


COS V : 


\kr n/ 

"( 5 - 1 ) 


^ sin 




sm - 


.. (23) 


A/k^+(^^y 


And putting the values of a, /?, y, X, fi, v in the equations of motion (2) 
and (3), we have 


M~ = G-E 




sm - 


Vl + yt2 




(24) 


d^<j> Br 


h cos 


fl-l) 

\/tr n} 


'‘■“5 


( z 7r\ 

hr n/ 


> sm 


hr 


jjLi cos f- ^ sin 
hr , 

Vl + /t® 




hr 


Er 


y . -JT 

h sin - 
n 


_fh 




2 Vl + # 


(25) 


M-. 


My 


r.< 


k sin - 


yW(sm0 






' dt^ 


Hence 
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But 


m* dh ^ 


and making tlie necessary substitutions^ we obtain for tlie ratio between tlie 
forces producing rotation and translation. 


Q 


^TTp- 


( 26 ) 


^l=- (^Trp^Jc — rh) + 


sm • 




- ^ „ , — ■ (2'n'p^ sin - + rJih) 

V** +(“;)' 


In precisely tlie same manner as in tlie former case, and on tlie same 
hypotlieses, we may show that if denote the gaseous pressure in a bore 
rifled on the system we are now considering, and G denote the gaseous 
pressure in a similar smooth-bored gun, we shall have 







sin ■ 


aA + (“;)’ 


(2J) 


Hence if we have three guns of the same diameter of bore, viz. a smootli- 
bore gun, a rifled gun, the grooves of which are similar to those shown in 
fig. 1, and a third rifled polygonally, and if we suppose that the shot in each 
case are of the same weight, and further, that in each case the velocity- 
increments at the moment under consideration are equal, then the pressures 
upon the base of the shot will be as follow : — In the case of the 


Smooth-bored gun, pressure = G ; 
Eirst rifled gim, pressure = {?•+• 
Polygonally-rifled gun, pressure 


E 




IlJc 




sin - 


{jijc -f 1); 




.( 28 ) 


We shall now give examples of the cases we have been discussing to 
exhibit numerically the above results. 

Let IIS suppose that two seven-inch guns are rifled — the first according to 
the method shown in fig. 1, with a pitch of one turn in 294 inclies,'’the 
other octagonally, with a pitch of one turn in 130 inches. It is required to 
determine in each case the pressure on the driving-surface in terms of the 
pressure on the base of the shot. Now, in the first case, from (13), 
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where 


Pressure on driving surface = l + Jfi 

Ar(;J — ^l) + 2,rp2(/XjX-+l)' ’ 

w==3-141B9, p = J-Vj = 2-4,75, ^=: 13-3697, 74 = 294, 
>- = 3-5, Pi = -1666, 


whence we obtain 


5 = - 0375 <?., 


,( 29 ) 


In the second case from (26), 


Pressure: 


2;rpS 




Vl + A 


= (2irp2^ ~r/t) + 




- (27rp2sm~ -f rk£) 




where 


= 3*14159, 


2 4- cos 


27r 


7> = l3«-'. 


1 — COS - 


: 2*350 (<? = length of side of polygon), 


X*=5*9117, 7^ = 130, r=B*o, = 8/ pti = *1666, 

-= 22 ° 33 ', 

n . 

whence; 

^==•1706 a. (SO) 

Tliat is, on the supposition of the same pressnre on the base of the sliol, the 
pressure on the driving-surface is in the latter case nearly five times as great 
as in tlie former, and is, in fact, no inconsiderable fraction of the propelling 
force. 

Let us now compare the gaseous pressures on the base of shot of the 
same weight supposed to be fired from the guns above described, and from 
a smooth-bored gun. Lrom equations (28) w^e have the pressure upon base 


of shot fired from 

Smooth-bored gun = 

First rified gim 1*009 6?, 

Potygonal gim =1'041 G. 


In these calculations we have taken the coefficient friction =i. It is 
necessary, however, to observe that very little is known concerning the value 
of this constant at pressures so high as those with which we have here to 
do. It is evident that in the case of the contact of similar metals, when 
the point of seizure is approached^ the coefficient of friction cannot be 
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considered independent of tlie pressure; and it is probable that wlien the 
rubbing surfaces of both projectile and groove (or other driving-surface) 
are of the same hard material; the coefficient of friction may be occasionally 
enormously increased. 

The resistance due to this cause might; under certain circumstances; be 
sufficient to ensure the destruction of the gun; and this view is to some 
extent corroborated by the occasional bursting of gunS; the failure of which 
it is difficult to attribute to any other cause; and in the instances referred 
tO; the recovered fragments of the shot were thought to exhibit decided 
appearances of seizure. 

If in equation (26) we substitute 8 for p we shall have 



'' '' ' 1^1 " 

+ P 


{%Trp^k — tJi) 4 * 


lEEL. 


T 


sm 


^ + (sin 8) 


~ sin 8 4“ rkk) 



And this equation will represent the ratio of the pressures B and G in any 
system of rifling; 8 being the angle which the radius makes with the normal 
to the driving-surface. Thus in an elliptically-bored _ ^ 

gun (see fig. 4), the angle OPQ represents the angle 8, 

7 ? 

and we obtain by substituting in (31) the value of 

(t 

this angle; by putting 8=90^, we may derive equation 
(13) directly from (31). 

We have not in this note entered into the question of 
the absolute pressures existing in the bores of ordnance 
of various natures; as the subject is too extensive and of 
too great importance to be disposed of within the limits 
of a short paper. 

Artillerists acquainted with the subject will be able to 
form rough approximations to these pressures from the 
experiments made abroad wdtli smooth-bored guiiS; with 
a view to the elucidation of this important question. It is much to he 
regretted that no experiments of the nature referred to have been attempted 
ill England under Government auspiceS; as they are of a description which 
precludes their being satisfactorily made by private individuals; and as the 
information to be derived from them would be especially important in the 
case of rifled cannon; where so many new conditions are introduced into the 
problem as to render previous investigations of but little value. 

We shall; however; in a future note endeavour to discuss this subject; 
making use of the data at present at our disposal. 
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PEELnriBTAEY TEIAL OE A 600-pr. 13-3 in. M. 1. TTEOEGHT-IEOW, 10 GEOOVED 
SHUHT AEMSTEONG EIFLB GUN, TJNDEE THE DIEECTION OP TEE 
0. S. COMMITTEE, SHOEBUEYNESS, 19 ih NOTEMBEE, 1863. 


BY CAPTAIN E. J. BEUCE, E.A. 

This gun was made afe Elswick, Newcastle-on-Tyne, and had not been fired (even for proof) 

before the present trial. 

The dimensions of tlie gun are as follows : — 


ft. in. 

Length over all lo 3 

Length behind trunnion centre G 2*5 

Length of bore 12 1*25 

Diameter of bore 0 13*3 

External diameter over breech 4 3*5 

„ over trunnion hoop 4 5*5 

„ at muzzle 1 9*5 

Width over trunnion ends 6 2*5 


The gun is built up of eight layers of coiled cylinders barrel inclusive^ 
varying in thickness from 2 in. to 2*8 in. The pressure on the back of the 
bore is carried chiefly (as in all tJie Armstrong ' guns) by a breech piece> so 
called^ forged solid^ bored out, and shrunk on the barrel. The breech piece 
of this gun is 6 ft. 8^ in. long, has an outside diameter of 2 ft. 6*3 in. and a 
section of 458 square inches. Tlie section of coils operative to resist end 
thrust may be taken as about equal to 125 in. more, making 583 square 
inches in all to meet the strain upon 140^'", the area of the bore. The barrel 
was made open right throngli, and the breech end is closed by a WTonght- 
iron cylindrical plug fitted into the bore and backed up by a forged wrought- 
iron piece screwed into the breech piece, and faced with a steel disc. 

Tlie trunnion hoop is made from scrap iron forged under the hammer. It 
is Bin. thick and 16*5 in. wide, and is shrunk on the sixth course of 
cylinders. 

The trunnion hoop and breech piece forgings weighed before machining 
4| tons and 8^ tons respectively. 

The outer breech coil was made from a bar Sin. deep X'4 in. wide in 
section, and 124 ft. long. This bar weighed 71 cwL It was heated in one 
length, and wDund on a drum by a machine at the mouth of the heating 
furnace. The coil was then welded under a 15 ton hammer. This is by far 
the largest coiled cylinder yet made. 

[voL. HI,] Q <2 


420 


UmVTM Ot MOCElBINGfS Of 


The weight of the finished gun is 22 tons^, 18 cwt* 

The gun was built up to the 5tli course, inclusive^ in the manner ordinarily 
practised at Elswick, being turned in the lathe after each course was addeeb 
to the' proper size for the next course; but the three outer courses were put 
on without moving the gun from tlie contracting pit, being acciiratiily turned 
and bored to dimensions calculated to allow' for the alterations due to the 
contracting process. This Avas an important step in the progress of 
manufacture of built up guns, because their size ceases to be limited by the 
power of machines wdien their various parts can be finished separately and 
then built up into the complete gun in one place by simple superposition. 

The 000-pr. gun is rifled on Sir William Armstrong's shunt principle 
with 10 grooves, having a depth at muzzle of *08^b and a twist of 1 turn in 
65 diameters. 

The projectiles are provided with brass studs *85 in. diameter, flattened 
sidew^ays to about *65'', in ten rows of five or six each to run in the rifle 
grooves. The studs are fixed into the projectiles by being stamped into 
shallow undercut holes. 

The segment shell carries 510 segments averaging 6oz. each, packed as 
in the 12-pr. segment shell, but in two rows instead of in one. The bursting 
charge is 15 lbs. 

The common shell is about 30 in. long, and carries a bursting charge of 
from 45 to 47 lbs. of powder. 

The steel shell carries a bursting charge of 24 Ibs.,^ and is closed by a 
hollow cast-iron plug in fronts so that on piercing plates the powder takes .-i 

effect forward. 

The 600-pr. gun was commenced in May, 1862, and delivered in 
March, 1863.t 

This gun w'as mounted on a garrison sliding carriage weighing 54 cwt., 
ydth special platform weighing 7 5 cwt., having a slope of and with raised 
iron racer 18 ft. 9 in. long to the stop. 

The rifle projectiles on the ground w'ere as follows : — 

A. Cast-iron solid sliot, "witli liollo\¥‘ conoiclal head. Length 25*1 in. ; mean weight 5101bs. , 

B. Cast-iron solid shot, ilat-headed. Length ; mean weighty 

C. Cast-iron common shell, conoidal head. Length 30*5 in, ; mean weight 556 lbs. ; capacity ■; 

, .■42*511)S. 

D. Steel shell, with east-iron hollow round head or cap. Length of body 19*7 : mean weight 

688 lbs.; capacity 16 lbs.§ r t, , a 

All these projectiles were fitted with soft gun metal studs to take the 
rifling. 


There were also spherical cast-iron and steel shot, diameter 13*235, 
weight respectively 304 lbs. and 342 lbs.; of these one cast-iron shot yvas 
fired at the end of the day. 



^ Tho powder being driving with setter and maHefc, and a mixture used of F.G. and L .G. powder- 
one part F. G. to three parts X. G. ^ 

t tiie foregoing particulars of construction and dimensions, I am indebted to G. W, Ilendel, 
Lsq. ! , ' 

I hTot known. 

^ Filled with L, G. powder well shaken down in the common way. 
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Of tlie rifle projectiles, those marked A and 0 only were fired on this 
occasion— the former with a charge of 70 lbs., the latter with 60 lbs. The 
velocities (lip to 5^ elevation) were taken by Lieut, Noble, E. A., with Wavez's 
electro-.ballistic_apparatus, at t\yo points— the first at 120 ft. from the muzzle, 
and again at a distance of 420 ft., i.e. SOO ft. between the screens. The latter 
observations are omitted as there is reason to believe that the pcndiilam of 
the second instrument was caused to drop by the shock of the discharge 
before the wires were severed by the passage of the shot. 

^ The cartridge of 70 lbs. measured in length, before entering in the horc 
25 in., when set home 22 in. A seam was run down the cartridge of 60 lbs., 
to make it the same length as the cartridge of 70 lbs. 

The gun was served by one non-commissioned officer and twenty men. 

The shot was laid in a metal cradle or bearer/^ with grooves correspond- 
ing to the studs, and (when hooked on to the two supports at the muzzle) 
formed a continuation of the rifling of the gun, guiding the shot to enter 
true. The bearer was greased before every round. 

An IS ft. gyn, with luff tackle, was used to raise the bearer and shot to 
the height required to hook on, tlie shot w^as then pushed off the bearer 
into the bore, and rammed home. 

One man brought up the cartridge, four the shot. 

Wheji sponging out diy, four men were enough to ram home the cartridge; 
after washing out, six w^ere required. 

Pour men rammed home the shot easily. 

The gun ivas traversed (on a raised iron racer) with treble and double 
block tackle ; six men on each tackle ran the gun up after firing. Six to 
each truck levei* to bear down, three to run up. 

There was difficulty in elevating (in the ordinary way) in spite of Si cwt, 
preponderance, owing to friction on trunnion holes. These were oiled, and 
a small hydraulic lifting jack (12 tons) applied below the muzzle, raised it 
easily ; later, a double coil of rope was passed round the muzzle, and the 
muzzle raised more rapidly by means of the windlass and tackle of the gyn. 

The elevations were given with the quadrant. 

The report was less loud than might be expected ; an officer stood within 
40ft. slightly to the right-rear, without feeling inconvenience from the 
shock. 

Generally the shot ricocheted straight— four to six long bounds, then a 
series of lesser ones lost in distance. The hollow head appeared to break up 
generally on first or second graze on the Avater. 

The time between shots, towards the end of the firing, was (with the 
incomplete appliances of a first experiment) ten minutes. 

The gun was carefully examined, externally, after every round— internally, 
with lamp and searcher, after first and last rounds. A slight flaw, at 
loin, from the muzzle (known before firing), Avas not increased, and is iiuder- 
stood to be the place Avhere two lengths of coil are joined : the defect is, 
apparently, only superficial. 

Tlie bore bad expanded a little at its junction witli the plug, and is 
sliglitly oval at that place. 

At the first discharge the B tube was set back the slightest perceptible 
amount from the muzzle: after this there was no sign of movement of 
parts. 
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t€ONFIl>ENTIATi 


ACCOUNT 


KXPFSIlTMBNTS OAREIRP ON AT KEWHATON, STTSSEX, IN ATTGtJST AND 
«Kl>T!ar,l!K!{. liJiW, UNDER THE DIRECTION ON THE ORDNANCE SEIECT 
COMMITTEE. 


By Liew. CHAULBS STEWAET. E.A, 


SPECIAL PAPER 


Tlioilislrilmtlon of wliicli Is oiprcssly limited to OfBcors of tlio Royal Artillery. 


Thtj chief objeei,.5^ of lliese experiments were, first, to discover the 
pcmctratioii into earth of the various projectikvs fired from the following 
guns, viz.: tin* 110-pr., 70«pi%, 40-pr., 20-pr., and 12-pr. Armstrong guns, 
and the 68-pr., 1 0-inch, 8-inch, and 82-pr. smooth-bored guns ; and secondly, 
to test the various kinds of fuzes which have been proposed during the last 
year or two. 


The battery was situated on a small plateau about half a mile beyond and 
considerably above the town of Newhaven. The butts consisted of, first, 
a. parapet of made earth ten feet liigh and twenty-five feet thick (measured 
qii the superior slope) ami distant from the battery about 1060 yards, and 
secondly, of a natural mound of earth known as the Castle Hill, and some fifty 
yards in rear of the made parapet* 

The artificial but,t was composed of sand and clay; the natural one chiefly 
of compact stony loam, but in some parts of hard natural concrete. 

Tlicse butts arc about 180 feet, and the site of the battery about 230 

feet above tlie sea level. 

In the following sketch: of the experiments each gun is taken separately, a 
short account Ixdng given of tlie practice from each, and the effect of the 

projectiles on the butts. 

Ihe pmu^iralions given, having been merely roughly calculated on the 

ispot) do not pretend to give wore than general idea. iPor them as well as 
for mticli otfior information I am indebted to the officers of the Eoyal 
liiginwfs Eirder whose direction the proj^fciles were dug out of the butts. 




BEBAOHIlSra MBBBIMBKTi 


llO^pii. AuMSTitoK 0 G'tJisr. 

llO-pY. Arrastrong giiti of 81 cwt* mountecl on naval sliding eairiago. ^ 

The practice from (liis gmi commenced on the 1 iili Augusi \\ith linag 
solid sliot at the artificial Imti, the service cimrge of 12 Ihs. Ixmig used mu 
the elevation being 2^ 3 th The following day the snttie project ih‘s wm‘e imul 
at the natural butt with the same charge and an elevation of 2^ MV. 

The average penetration was found to be, into the made earthy about 
20 feet, anti into the natural, about 9| feet. 

On the 12th, blind shells, filled with sand, ware fired into the artificiab and 
outlie 13th into the natural butt, the charge and elevations Inung the same 
as with solid shot ; the penetration averaged about 10 into tlie artificial 
earth, and about lOJ feet into the natural. 

On the 14th, twenty-two live shells were fired at the natural butt with mi 
elevation of 2*^ 40^, the service charge of 12 lbs., and the bursting charge 
of 8 lbs. 

The service pillar percussion fuze was used for the first ten rounds, of 
tlrese three burst in the butt, one fell short and bui^t, and the other six 
burst at the muzzle of the gun. Six rounds were then fired with the naval 
percussion fuze of which two burst satisfiictorily, and four were blind. These 
were followed by six rounds of Armstrong's more ssensitive^^ P^bar fuxe, of 
which five burst in the butt, and one at the muzzle. 

On the 1st September practice with live common shell from this gun was 
recommenced. As it seemed not improbable that the bursting of the shells 
•at the muzzle during the former pmotice arose from^ there oeiig a vacant 
space in the powder chamber, the cartridge not filling it by soihe inches, 
wooden bottoms 2| inches thick were provided to be put in at the back of 
the sliell to fill up this space. The elevation and charge? were the same as 
before. The first shell burst at the muzzle ; a wooden disc half an inch 
thick was then put in, in addition to the wooden bottom, and six rounds 
■fired of wliicli four burst in the butt and two hurst at the muzzle, the 
service pillar fuze being used. Ten rounds were then fired, the charge being 
reduced to 9 lbs. and the elevation increased to about 8^ SO', with the same 
fuze as before, of these five burst in the butt, and five did not burst at all. 

On the 2nd September this gun was fired with a reduced charge of 10 lbs . ; 
an increase of 11b. on the reduced charge of the preceding day. The 
natural butt was still the one aimed at, the elevation varying from S® 18' to 
24'. Ten rounds were fired with the service pillar fuze (Eoyal Laboratory) 
of which five burst satisfactorily, four were blind, and one burst at tlio 
muzzle. The range with this charge was somewhat uncertain, and the shells 
appeared to move very unsteadily. 

Ten rounds wxre then fired with the full charge of 12 lbs. and an elevation 
of 2® 40' — ^thefuze being the service pillar (Elswiok Ordnance Company). 
All of these burst satisfactorily in the butt. Afterwards five rounds were 
fired wntli tlie 9 lbs. charge, an elevation of 2^ 32' and the same fuze, all of 
which also burst in the butt. 



On ilie tlrtl Sq)ie]n1)cr a few rounds of common slieli witli the ordinary 
t«irsiinsr charso. of 8 lbs. were fired from the 110-pr. gun with tbo cliarp 
to albs. 14^07,., ami <1io elcvcatioii increased to 15 15 for the 
' ' of piif.liimr the sheila over the artificial butt or parapet, to ascertaiu 
^ ,v.;c wooden gim.s idaced iti the ditch in rear. After three 

hoi- fired to obtain the necessary elevation, two rounds of shell 
— ” fired, but both were blind. Two rounds 

j sensitive” i)illar fuze wliicli were also blind; 
rounds with the screw percussion %e and 
This experiment vras 


purpose 

their dfcct on sonm w 

rounds of solid si 

with the service pillar iuze were. 
wer(J then fired with tluj ” more 
tlu'se were followed by two : 
with the same result, neither of the shells bursting. 

tbiidcH same day nine rounds were fired at the natural butt with the 
half-charge of 6 Uts. and an average elevation of 5° 50'. Seven of the shells 
u'eiv fired with the service pillar fuze and all were blind; the other two were 
fired with ihu“more sensitive” pillar fuze, and both burst in the butt. Ihe 
euu w'as then directed against the artificial butt, and six rounds tired with the 

sensitive” fuze, "of which four burst. , 

%Te Service char'-c of 12 lbs. was then resumed and fifteen rounds fired 
the elevation being 2° 81'. The first she 1 was 
with a "more sensitive” pillar fuze^^ and burst properly. It was 
followed by five rounds with the service pillar (Moorsom s composition of 
Ihich onlyVvo shells burst; the remaining nine were hmd^witli tbe sensitive 
fuze and five of them burst in the b 
muzzle, the others being blind. 

On the 4th September seventy-six 
artificial butt for the purpose of cutting^ 
fired with the service pillar (Mooreem: , 

nercussion, nine with the “ more sensitive i 
the service pillar (Blswick). The greater part of the 
aWiougli some were and two or ^ 

oiperimcnt ' W'W most saiisfaotory ^ as 
?0-pr. shells, eat a deep passage ngl 
i\m temWy clcstrEctifa effect ot - 

■ ffons. again it oartffwork^^ „ - „ , 

T!m pwotico of tins goo 
„ d^moliriiiiig a strong _ 

Sie plemWro explosions of the shelb from this gun appr 

by theCltbcinWbk.tostand^ 

enters the ^ tKpkioif ottbe powder. The satisfactory 

receives immediatuy on t ^ Aumw tlie latter part of the experiments 

onh. 

btoting ptematwely. „.,n1nsion of the llO-iir. ahells were veri 


shells were fired from this gun at the 
a passage through it. _ Thirty were 
irsom's composition), nine with the screw 
' ‘ " pillar, and the remainder with 

„.l ’ ise burst in the butt, 

■ tliree burst at the muzzle. The 
.i these shells, with a smaller number of 
. .ight through the parapet; clearly showing 
sheila from the heavier natures of Armstrong 

ids ‘gun was concluded by firing a few sheUs at, aad 
spliiiter-proof, used during the experiments by the party 

to be caused 
tbe projectile 
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BREACHING EXmUMKSTS 


ificial Initfc 
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70-PR. AiarsTRONO Ghn. 

70-pr. Amstrong wcdge-gmi of 61 cwt., momdcd ou a garrison carriagti. 
oVfcist be “solid sj.„tWO« Wfa« tl»s I, o obajw, 

of 9 lbs. atlbe artificial butt, the elevation varying Irom ~ 10 to.. ..0, 
and also at tlie natural butt, the elevation being ... 

Tbc penetration into the artificial butt was about lo ft., ami 
natural about 7ft. On tUo same day three live common shell nere imil 
at the natural butt with the same charge nsbcforc, an ehn atum ol t. oil luu 
the service pillar fuze. All three burst in the butt, producing huge ami 
well-formed craters* 

On the Srd September twelve common shell were fired at the ariificial butt 
with the same charge and an elevation of S° 20 , Pottmans naval iv/.e being 
used. Eight of the shells burst in the butt, the other foim being blind. ()n 
the 4th September fifteen shells were fired at the artificial butt to assis tlio 
110-pr. in cutting through it. Most of the shells burst in the butt, and then 
effect was very destructive. 

Tbe bursting cliarge for these shells was 4| lbs, 

40-PE. Amsteong Gun, 

40-pr* Arrastrong gun of 33 cwt* mounted on travelling carriage. 

On the 11th August solid shot) w^'erc fired at the artihcuil, and on iiic IZiii 
at the natural butt with the service charge of 5 lbs., the elevat ions being 
respectively 2° and 2° 8'. The average penetration into the artihcial butt 
was about 14^ ft., and about 7 ft. into the natural butt. 

On the 12th, blind shell filled with sand were also fired at the artifraal butt 
with an elevation of 14^ the penetration being about 11 1 ft* on 
the same projectiles were fired into the natural butt with an elevation ol i ^ 

and the penetration was found to be about 7 ft. » 

On the 14 th, live shells were fired with the service pillar fuze, Armstrong's 
“ more sensitive ” pillar fuze, and the naval percussion fuze, the elevation being 
2° 10'. Eleven rounds were -fired with the first named fuze, six at the 
natural and five at the artificial butt, all of which burst. Eive rounds were 
fired at natural earth with the "more sensitive" pillar fuze which also 
all burst satisfactorily. Eight rounds were then fired with the naval percus- 
sion fuze, of which six burst in the butt, the other two being blind. 

On the 2nd of September, after two or three solid shot had been fired to 
ascertain the proper elevation, ten live common shell were fired with a small 
charge of IJlbs., and bursting charge of 2^ lbs., fortheprpose of throwing 
shells over the artificial butt into the catting behind it. The elevation varied 
2° 5' to 13°. Tlie first shell had a service pillar fuze but did not 
four shells were then fired with the sensitive pillar fuze all of wliich 
idle other five were fired with the screw percussion fuze (naval 
Wo of the shells burst. On the 3rd September three rounds 
.devation and charge, with,EetbAJ«ils;8Wi«©rtieeluz», 

blind. 


The rcsiilt tliorfore of this experiment waSj as in the similar one with the 
].10-pr. gnu, xcry unsatisfactory. 

On the, Snl, six shells -vvoro also fired at the natural butt with half charge, 
2| lbs., and an elevation of 5°, the bursting charge being as before 2^ lbs.; 
the first thrc<'. shells, of which two burst, were fired with the service pillar 
fiixo (Elswick) ; and the other three, which all burst, with the service pillar 
(Moorsoni’s composition). Eight rounds were then fired with the same 
charges and elevation of 4° 50' at the artificial butt. Five of these had the 
sensitive pillar fuze, and four of the shells burst j the other three were fired 
with the scuvice pillar (Moorsom), and only one burst. 

On the 44h September fifty-eight shells were fired from the 40-pr. at the 
artifhtial butt with an elevation varying from 2° 5' to 2° 25'; the service 
charge being used. The fuzes were the service pillar (Moorsom's composition), 
the more sensitive ” pillar, and the screw percussion. 

The majority of these shells burst in the butt, but without making much 
impression ; the craters formed being insignificant, and the amount of earth 
displaced too small to cause much destructive effect. 

20-pb. Abmstrong Gun. 

20-pr. Armstrong gun of 16| ewi, mounted on travelling carriage. 

On the 11th August solid shot were fired from this gun at the artificial 
butt, and on the 12th at the natural, the elevation being respectively about 
2° 28' and 2° 35', and the service charge of 2 lbs. 8oz., used in both 
cases. The penetration into the artificial butt was about 10 ft. and into 
the natural about 4| ft. 

Blind shell were fired from this gun on the 12th and 13th, the elevation 
in firing at Ihe artificial butt being 2® 85', and the penetration about 10 ft., 
at the natural butt the elevation was 2® 43' and the penetration about 
7 ft. 

On the 4th, live shell were fixed with the service pillar fuze and an 
elevation of 2° 36' at the natural butt, and out of six. rounds five burst 
satisfactorily. 

On tbe 4th September fifteen rounds of shells were fired at the artificid 
butt with the service charge and the service pillar fuze (Moorsom's composi- 
tion). A considerable number of these shells did not burst. The craters 
formed by the explosion of the shells which did burst were naturally very 
small, and the same observations which have been made with respect to 
40-pr. shells apply to them, 

12-i'B, Abmsteong Gun. 

12-pr. Armstrong gun of 84 cwt., mounted on travelling carriage. 

On the 11th August segment shells, filled with sand, were fired from the 
12-pr. with the service cliarge of 1 lb. 8 oz., and elev'ation of from 2° 4' to 
2° 6', The following day the same projectiles were fired at the natural butt 
with the same charge and an elevation of 2° 10'. The whole of the shells 
broke up in the car’th, therefore it was impossible from the above practice to 
decide the penetration. < , 





BEMCHINO EXPBEIMENTS 


It loay here be stated that the solid shot of the Armstrong guns were found 
in the butts in every possible position, but as a rule with the ])oinli slightly 
inclined to the right. Some of the shot were found standing oti end, sonnj 
quite horizontal, and one or two must have turned right ovct, Ix'ing found 
with their points towards the rear. 

The fuzes were extracted from two Armstrong sliolls, all O-pr, and a -tO-pr. 
found in the butts, wliich had not exploded. In both easf'.'^ llu^ voluini' of 
the powder was found to be decreased by at least a third of il.s bulk owing 
to its having become mealed and caked together towards the bottom of tlie. 
shell. This appears to account for the fact that an Armstrong shell penei rate,s 
further before bursting than a common shell from a smooth -bored gun as its 
shape enables the powder to become more caked, and con.sequenfly, suhj<>ct 
to slower ignition than that in a sphmeal shell. 


68-ra. Gxjn. 

68-pr. gun of 95 cwt., mounted on naval sliding carriage. 

On the 11th August; solid shot were fired with tlie .service oliarge of 16 lbs., 
and elevation varying from 1^° to at the artificial butt j the penetration 
was found to be 16 ft. 

On the 12th, solid shot were fired at the natural earth, with the same 
charge, the elevation varying from 2^° to 2^°. The penetrat ion was found 
to be about 12 ft, into the softer part of the natural butt, and rather more 
than ^If that amount iuto the hard concrete. 

Blind Shell werefired at both butts on the 12th and 13th j at the artificial 
butt with an elevation of If*? and penetration of about 8 ft. ; at the natural 
butt the elevatiou was 1|°, and the penetration about 6 ft. 

On the 2nd September, eight rounds of shell were fired at the natural butt, 
the charge being as before 16 lbs., the bursting charge 2 lbs. doz. ami tlio 
elevation 2°. Pettman’s land service fuze was used, and out of the eiglit 
rounds, five shells burst satisfactorily. 

On the 8rd September, deven rounds of shell were fired with the same 
charges and fuze at the artificial earthwork, the elevation being seven 
of the shells burst, the otbesc four being blind. 

The craters formed by these shell were small in comparison with those 
formed by the 110_-pr. Armstrong and 70-pr. Armstrong shells, nor wms the 
amount of earth displaced nearly so great. 

The difference between the effect of the explosion of the 68-pr. shells and 
those of the heavier natures of Armstrong's is evidently caused by the fact 
that the latter penetrate much farther into the earth before bursting tluui 
the former, as explained above. ° 


10-iN. Gw. 

. gun of 85 cwt., mounted on naval sliding carriage, 
le M September blind shell, filled with sand, were fired at both liic 
_a,nd natural butts with the service charge of 12 ibs. In tiring at 
uaal butt the election was 2|° and the penetration about lU ft.: 
atural butt tlie eleTation was 8 and tlie penetration about 4 ft. 


AT NEWHAV1EN. 


7 


On tlio 4!t.h September, six shells were fired at the artificial butt with the 
service charge of 12 lbs. ^ a bursting charge of 6| lbs., and elevation of 2|°. 
Pettman’s land service i)ercussion fuze was used. Of the six shells, oidy two 
burst. 

8-in. Gun. 

Eight-inch gun of 52 cwt., mounted on travelling carriage. 

On the 12tli August, blind shell filled with sand were fired at the artificial 
-butt with the service charge of 8 lbs. and elevation of 2|°, the penetration 
averaged 1 1 ft. 

On the ISth, the same projectile was fired at the natural butt with the 
same charge, and an elevation of 3° j the penetration was only about 4 ft. 

On the 1st September, seven live shell were fired at the natural butt with 
Pettmau’s land service fuze — all of which were blind. The elevation varied 
from 3° to 3i°, and the same charge as before was used. 

S2-PB. Gun. 

32-pr. gun of 50 cwt., mounted on travelling carriage. 

On the 11th August, solid shot were fired from this gun at the artificial 
butt with the service charge of 8 lbs., the elevation being 2|° for most of 
the rounds. The penetration was about 12^ ft. 

On the 12th, solid shot were fired at the natural butt with the same 
charge, and an elevation of from 2^° to 2|°. The average penetration was 
found to be not more than about 4 ft. 

On the same day, blind shell were fiired at the artificial butt, and on the 
18th at the natural, with the same charges ; the elevations being respectively 
2|° and 2i°, and the penetrations about 10 ft. and about 8 ft. 

On the 1st September, eleven common shells were fired at the natural butt 
w'itli Pettman’s land service fuze ; of these eight burst, the elevation ^arod 
from 2i° to 24°, and the service charge of 8 lbs. was used as before. The 
craters formed by the bursting of these sheEs were small, and the damage 
done inconsiderable. . 

Camp, Nbwkatbh, - , - i , 

Sept., 1863. 










^'f^. ‘, ;-*'' 


Books must he returned wi 
date ol issue. 


Date of 
' issue. 


Return 


Return 



■iSSii^Mwm^ 




,y’yg^'^,gVW^ 


Call No. Rqy 


Ac«..l»N., 

Vbl. 3, 










,vV4.;:, 


Wy W' 


Books must be returned within one morrh of 

dat® of 1550®. Per R®i< 3 i» Post* 


Return 


Return^ 



iiiSiiW 

■:53SS#iia 




'^vg'^v'vvu^ 








Accession No. 



